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PREFACE. 



The object of this Treatise Is to explain veiy fully the 

« 

fundamental principles of Arithmetic, and to illustrate the 
practical working of the rules by numerous examples, which 
will be found to have been mostly taken from the Ex- 
amination Papers set at the Universities. The Book may 
be looked on as the result of the experience of a Teacher 
who holds Arithmetic to be an important branch of 
mental training, rather than ' a mere series of operations 
to be mechanically performed. It is, at the same time, 
a protest against that still common process of teaching 
"sums," which may be called the "magical process": 
" FoUow the rule as laid down," says the Master, " do 
not trouble yourself about the reason: but do this, do 
that, and — hey presto! the answer." 



vi PREFACE. 

In a Work begun at Cambridge, but finished at a 
distance from the Printer, and in the midst of other 
avocations, I fear errata will have crept in, notwithstand- 
ing all my care. If those who detect them will kindly 
communicate them to myself or the Publisher, they will 
confer a great obligation. 

Hyde, Islb of Wight, 
December, 1866. 
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ARITHMETIC. 



CHAPTER I. 



FIBST FBINCIFLES AND SCALES OF NOTATION, « 

§1. Quantity is the answer to the question guantuSf how mnchP 
It is therefore that property of objects by means of which, when 
two of the same kind are compared together, one can be said to be 
greater or less than the other. 

§2. Magnitude, which is often used as identical with Quantity, is 
really the answer to the question, how great f and may be used of 
eyerything which admits of the notion of greater or less, although in 
common language it Is usually used with reference to the bulk of 
an object. 

§3. Unit or Unity is the name given to that quantity which is to 
be reckoned as <mey when other quantities of the same Idnd are to be 
measured. 

$4. Number is the relation of a quantity to its unit ; the notion of 
number being suggested by successive repetitions of the individual unit. 

§5. When men first began to count, they would count numbers of 
some particular thing : so many men, so many horses, &c. Next they 
would observe that whatever result is obtained, as by adding one 
number of men to another number of men, the wme result would be 
true if the eame numbers of any particular kind of thing were used ; 
if 15 men and 3 men more made 18 men, and 16 horses and 3 horses 
more made 18 horses, generally 15 and 3 would make 18, whatever 
kind of thing was reckoned: and the idea of number ahstracted from 
any particular kind of thing would thus be realized. 

B 



2 ABITHMETIO. 

Hence we define concrete numbers to be those considered as belong- 
ing to some determinate species; abstract numbers to be those taken 
without reference to any particular species. 

Thus in 12 inches, and 12 pence, the 12 is a concrete number. But 
if we say 7 and 6 make 12, or 7 times 5 are 36, the numbers used are 
all abstract. And even if we say that a foot is 12 times as great as 
an inch, the number 12 is still abstract. 

§6. We can now explain more fully the term unit: it is not itself 
one; but it is the magnitude which shall be represented by one in 
calculation. If all lengths be referred to the standard of an inch, all 
weights to the standard of a pound, all periods of time to the standard 
of a second, the inch would be called the unit of length, the pound 
the unit of weight, the second the unit of time: that is to say, the 
uni^ would be a lengthi or a weight, or a time. The symbol which 
repiresents the abstract conception of singleness as distinguished from 
n^ultitude is 1, which is the unit of abstract arithmetic: but all con- 
crete quantities must have units of their own kind; and indeed any- 
thing may be unity for other things of its own kind; i.e. the unit is 
at first arbitrarily fixed on : the unit of length might be a foot, or a 
yard ; the unit of weight might be an ounce, or a stone. 

§7. Arithmetic {dpi^nti-rucn* scilicet T«xiiq) is t})e art of numbering; 
and is usually taken to mean the science of expressing niunbers by 
symbols, and of applying set rules to the difierent operations in which 
numbers are used. 

§8. Notation is the art of expressing numbers by figures or symbols 
appropriated for that purpose. 

§9n Numeration is generally applied to the converse process of com- 
pressing in words a number which is abready expressed in symbols. 

§10. To explain what is meant hy a scale of Notation. 

By a scale of Notation is meant a systematic arrangement for faci- 
litating the computation of large numbers. Instead of giving inde- 
pendent names to the whole series of natural numbers beginning^ from 
unity, which would make an unlimited and most embarrassing noipen- 
olature, it \^ arranged that a certain number of unita arbitrarily fixed 
upon sl^all be grouped into a class ; apd that thQ same number of these 
classes shall be taken to form a^ ql^ of the next highei; order; and 
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tiiat the same number of these higher classeB shall be taken to form 
a class of a still higher order, and io on; adyancing onwards from class 
to elass as far as occasion may require. The number of units at first 
fixed upon to form a class is quite arbitrary : it might be five, it might 
be ten, it might be twelve, or any other number : but this being once 
fixed, the same number of each of the classes must be taken to form a 
class of the next higher denomination. 

§11. To explain the Decimal or Denary Scale of Notation, 
In the decimal scale the number ten is arbitrarily fixed upon as the 
basis of computation; Imd the cipher, which is the name given to 
nothing, and the first nine natural numbers are represented by the 
foUowing symbols, 0, 1,2, 3, 4, 5, 6, 7, 8, 9. When the number ten is 
reached, this is considered as a new unit of a superior order ; and the 
succeeding numbers are formed by successive combinations of the first 
nine natural numbers with ten, with two tens, with three tens, &C., 
until ten classes of ten each are gone through, when the last niunber 
in the last of these classes is called one hundred. This now becomes 
a unit of the next superior order, and another series of numbers is 
fonned by combining one hundred with the numbers jUst enumerated; 
and when ten classes of hundreds are gone through, the last number 
is called not ten hundred, but bne thousand. Neither tens oi thousands 
nor hundreds of thousands have a separate name assigned to them:^ 
but the same process of ascending by classes, ten of which form one 
of the next order, is continued until one thousand thousand is reached, 
and this is called a million. Proceeding onwards in the same way, 
a million million is called a billion; a million billion is ealled a trillion; 
a million trillion is called a quadtilUon) and so on. 

§12. To eitplain the principle of Local Value. 

Ih order to represent numbers higher than nine, i.e. numbers which 
contain tens, hundreds, &c.> the following device has been invented. No 
symbols besides those above ehtimerated are used, but it is agreed that 
each figure besides its individual shall have a local value« namely, a 
value depending upon the place it occupies; and that, while any figure 



* Would not the assignment of distinct names to ** tens of thousands" 
and '* hundreds of thousands" facilitate the apprehension of high numbers, 
and render more obvious ^e law that a new unit is fonned when ten of 
any class is reached ? 
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standing simply by itself retains the individual yalue assigned to it, 
any figure standing to the Ufi of another shall thereby be increased 
ten-fold. Thus when it is arranged that a figure standing in any par- 
ticular place* shall represent so many wmU^ the figure to the left of 
this wiU represent iem^ or units of the second class : the figure to the 
left of this Un tens, or hundreds; t^e figure to the left of this, Un 
hundreds, or thousands, and so on; the local value of each figure 
continually increasing in a ten-fold degree as we advance one place 
further to the left. If in writing a number, any class, as units, tens, 
hundreds, &c. be wanting, the cipherf is used; which although without 
signification when standing by itself, serves when combined with other 
figures to fill up the vacant places, and so to give the significant 
figures their required local value. 

[Oba, The peculiarity of decimal notation must not be confused with 
the local value assigned to the figures ; the two things are perfectly dis- 
tinct, and do not in. any way depend upon each other. Indeed while 
many nations have used a decimal notation, very few traces of local value 
can be found in any system except the Hindoo-Arabic which we use. , 
The decimal scale probably originated in the practice of counting on the 
fingers, whence the name digiti for the symbols representing the first 
nine numbers. Had any nation counted only on one hand, such a system 
would have been the quinary, and six would have been the unit of the 
next superior order. Had they counted on fingers and toes the system 
would have been vieenary. Some traces of both these systems are to be 



* In whole numbers the figure on the extreme right is said to be in the 
units place ; the next figure to the left, in the tens place ; the next figure 
to the left, in the htmdreda place ; the next, in the thouaande place ; and 
BO on. But in writing decimal fractions (which, as will be shewn after- 
wards, afford the means of extending the decimal scale below unity) it is 
not the right-hand figure, but the figure to the left of the decimal point 
which stands in the place of units. 

t The word cipher, t'/ T^^<^/oa, cifra, is from the Arabic term Tsaphara, 
"quod vacuum aut inane est," blank, or void. At the end or m the 
middle of any number the cipher is of use to keep the significant digits 
in their proper rank, when the units or the hundreds or any other de- 
nomination may be wanting, e,g, 60 means 6 tens followed by no imits : 
606 means 6 hundreds, wiu no tens, but 6 units. At the beginning of 
a number ciphers would be useless : if so placed Uiey could only indicate 
the absence of any higher class ; e,g» 096 means only 9 tens and 6 units ; 
the cipher showing that there are no hundreds, which is equally intelligible 
if the cipher be omitted. The use of the word cipher led to the digits 
being all .called dphexs, and so introduced the use of the verb to cipher. 
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found, for instance, in our reckoning by scores,* The quinary, the denary, 
and the yicenary are the only natural systems ; and it will be found that 
no other than these haye ever prevailed in common use. The duodecimal 
scale, with 12 for the base, would present some peculiar advantages, as 
12 is exactly divisible by 2, 3, 4, and 6 ; while 10 is only so divisible by 
only 2 and 5 : but in the infancy of any nation the method of reckoning by 
one of the natural systems seems to have been always first established, and 
not to have been afterwards disturbed by any more artificial arrangement* 
When the practical method of numeration had been fixed, the numerical 
language to express it wc^d be afterwards formed; and this would be 
succeeded by the invention of written symbols. The Hebrews, Phoenicians, 
and Syrians used the letters of their alphabets for numerical symbols ; and 
the Greeks, who derived their alphabet from the Phoenicians, borrowed 
from the same source their system of numerical notation. Prom what 
source the Roman numeral symbols originated is a point which has given 
rise to much conjecture; one explanation, namely that the system was 
made up from signs used in reckoning by single imits, will be noticed 
below. For the symbols which we now use no other origin has been 
suggested than that of arbitrary invention: the shape of several of the 
figures has been considerably modified in course of time ; but the use of 
nine figures with zero, and the principle of local valuef were introduced 
among the nations of Europe from the Arabs, first into Spain in the 
12th century, and especially into Italy in the beginning of the 13th 
century. The Arabs derived them from India, where the Hindoos had 
used them from a period anterior to all written records, and attributed 
the invention of them to the Deity, '* the invention of nine figures with 
the device of places to make them suffice for all numbers, being ascribed 
to the beneficent Creator of the universe.":^ ^® ^^^ o^ this method 
among the Hindoos can be traced up to the 5th century after Christ: 
among. the Arabs to the 9th century. It appears to have been com- 
municated about 1136 by the Moors in Spain to the Spaniards, but at 
first to have been little used except in Astronomical works and calendars ; 
its more general adoption was introduced into Italy by the writings of 



* The word score itself, the long notch on the tally, shows the method of 
counting which was most common among our forefathers. 

t The Chinese possess a system of decimal Arithmetic not only of very 
great antiquity,' but one in which a very close approximation is made to 
local value ; they use however symbols for the superior units hundreds, 
thousands, &c.) which in our system are expressed by position alone. 

{ Note 2 to page 4 of Colebroke's Translation of Bhdscara's Lilavati : 
where it is stated that * the place, where no figure belongs to it, is shown 
by a blank ; which to obviate mistake, is denoted by a dot or small circle.' 
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Leonardo Piiano in 1202 ; but Koman numerals still continued to be most 
commonly used throughout Europe for a long period subsequent to this ; 
and indeed merchants' accotmts were so kept until the middle of the 
16th century.] 

§13. It will be useM here to explain the methods of notation used 
by the Greeks and the Romans. The system of the Greeks will serre 
to illustrate the manner of representing numbers by the letters of an 
alphabet; while the peculiarities of the ttoman numerals, still com* 
monly adopted among ourselves, as in inscriptions, &c., ought to be 
well understood. 

The Greeks then, in order to denote numbers used the 24 letters 
of their alphabet, with three additional signs, which signs, as ordinary 
letters, had become obsolete at ah early peridd : these were the BaO or 
Digamma, originally the 6th letter of the alphabet, which under the 
form r (called t^ iin<ri/ifiLov BaG) denoted the number 6; the guttural 
K<$inr«, which originally followed iri in the alphabet, Written q or i^, 
called r6 iTitr^inou KSrira, and as a numerical sign denoting 90; and 
the arbitrary symbol Sa/xirt (compounded from the old letter 2av from 
the Hebrew Zaiftf and irt) written "^ , and denoting 900. Their num- 
bers therefore were represented as follows : 

a', ^, y, **, .', s-, r. *l\ »'♦ 

1, 2, 3, 4, 5, 6, 7, 8, 9, 

i\ ia\ l^,,,k\ Ka\ ic/3'...X', fi, v\ ^, o*, «•', 9' or ^, 
10, 11, 12 ... 20, 21, 22 . . .30, 40, 60, 60, 70, 80, 90, 

/>', ^\ t', u', ^\ x', '*\ »', "^ 
100, 200, 300, 400, 500, 600, 700, 800, 900, 

,a» A ,y» A .«» /^» X ,fl. /^» 

1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 
fi or Mv. for Mvpid^ stood for 10,000. 

The word "air," («'= 1, *'= 10, /»'= lOO) will help the memory to 
retain the first letters of the lines of units, teils, and hundreds. 

Besides this notation there was an older method of expressing num- 
bers (a method found on ancient inscriptions, &c.) by means of thd 
initial letters of *lo9 for el«, n^vrc, AUa, ^Hcxaroi;, XiXioi, ahd Mu/ocoi. In 
this system I « 1, II » 2, ni «: 3, Iin = 4, n » 5, ni » 6, nilll « 9, 
^«10, Alifall, /i/la20, a^^^dO, H«100, HHt=200, X » 1000, 
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XX»20009 Ma 10000. Also abl^reTiated combinations of H with 
other letters were used; thus fl == «-€pt4«« d«Ko = 60 ; fiaTtvr^Kit 
tK&Tov = 500 . J5 s irevToici* x^^'^* = 5000. Also by writing M beneath 
any letter its yalue was increased ten thousand fold: Hius 7 was 30000 ; 

Kp waa 21^0000. In writing firactio9s, either y, ip alone meant i, ^^ \ 

or else the denominator was written dftove the nun^erator, like f^i index 
in algebra, as KS'f*^' for Jf . 

§14. Various conjectures haye been made concerning the origin of 

the Roman numerals, and among others the following hypothesis has 

been put forward: Suppose that a person who counted on his fingers 

wrote a stroke for each successive unit up to ten; and when he had 

advanced as feur as ten strokes, that he drew a cross line through them 

to denote that he had come to the end of his handful: his marks 

would be 

I, II, HI, ...HMffiH. 

If now he shortened his mark for t^n into a single unit with a cross 
line drawn through it, he would have X for ten : for one hundred he 
might adopt the unit with two cross lines, as '^; one thousand he 
would require a unit with three cross lines, or four strokes, which 
might be written /V\> or <o, or even o; next, if he halved these symbols 
he would have half X or V for five; half ^ or L for fifty; half o or 
D OF Iq for five hundred. Whether this hypothesis be correct or no, 
at any rate the Romans represented numbers by combinations of these 
symbols; th6y had a certain principle of local value as far as this, 
namely that a smaller symbol standing before a larger one, in numbers 
less than one hundred, was to be subtractedf but standing after it was 
to be added^ Their notation therefore was 2^ follows : 



1. I, 

2, IL 

3. m. 

4. nuoriy. 

6. V. 

6. VI. 

7. vn. 

8. VmorHX. 

9. vim or IX. 



10. X. 

11. XL 

12. XII. 

13. XniorXIIV. 

14. XmiorXIV. 

15. XV. 

16. XVI. 
IT. XVII. 

18. XVniorXIIX. 
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19. XVimorXIX. 

20. XX. 
30. XXX. 

40. XXXXorXL. 

60. L. 

60. LX. 

70. LXX, 

80. LXXXorXXC. 

90. LXXXXorXC. 
100. C. 
200. CC. 
300. CCC. 



400. CCCC. 

600. Dorlo. 

600. DCorloC. 

700. DCCorloCC. 

800. DCCCorlQCCC. 

900. DCCCC or loCCCC. 
1000. M or CIq or oo or 1. 
2000. IIMoraQClQ. 
6000. loo or V. 

10000. ccioo. 

60000. looOO- 



lObs, We haye stated tbat the reversed C (o)» called apostrophus, 
with a perpendicular line preceding it, as lo^ or drawn together as D, 
signifies 600. But in every multiplication with ten a fresh apostrophua 
is added, as loo ~ ^000, loOD = 60000, &o. ; and when a number is to 
be doubled, C is repeated as many times before the horizontal line 
as stands behind it : thus if loi or five hundred, is to be doubled, 
CIo = 1000; if Ioo» or five thousand, is to be doubled, Cdoo = 10000, 
and so on.] 

[Oba, The exercises which follow each chapter are intended both for 
an examination in the principles which have been laid down, as well as 
for practice in the various rules explained : and the amount of advantage 
derived from this book will mainly depend upon the fidelity with which 
these exercises are worked out. The great object to be kept in view 
is that elementary principles should be thoroughly mastered; and that 
all examples should be worked out from a knowledge of the reasons of 
the process adopted, and not by the help of a question of a similar sort, 
which happens to be worked at length in the book. Let the learner try to 
acquire habits of rapidity in his calculations as well as accuracy : too much 
time is generally wasted in counting up in addition, in nsing too many toorda 
in multiplication, &c. : whereas* these processes ought to be done instanta- 
neously, and without effort. The habit of making short calculations in 
the headf instead of writing down every figure is as much to be commended 
as it is generally neglected : it teaches rapidity, (generally the most rapid 
reckoner is also the most accurate,) and gives confidence as well : whilst 
it also proves whether first principles and the reasons of the processes are 
really understood; it being easy for the teacher to put the questions in 
varied forms, so as to test this point especially. Above all, when a ques- 
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tion is proposed of a noTel kind, or of a familiar kind perhaps, but in a 
new shape, — inverted, or otherwise disguised, — let the learner, instead of 
giving up the attempt discouraged, fall back upon that excellent gift- 
common sense, and endeavour honestly to reason out the difficulty; and 
let him be assured that there are no mysteries in the science which may 
not be unravelled by a little careful thought, common sense, and per- 
severance.] 

EXCBCISE I. 

1. Write down the numerical symbols for — 

(1) Nineteen thousand and six. 

(2) Sixteen-hundred thousand, four hundred and two. 

(3) Eight million, three hundred and eight thousand, seven hundred 
and ninety-one. 

(4) One hundred and sixty -six million, four hundred and two thou- 
sand, and nine. 

(5) A thousand million. 

(6) Two billion, three hundred thousand million, four hundred and 
five thousand, six hundred and seven. 

2. Write down in words the numbers expressed symbolically by — 
(1) 1234561789. (2) 9009009009. 

(3) 777000777. (4) 896787642134. 

(5) 4563218764529. (6) 378658459372156. 

S. Explain what is meant by the unit of length, the unit of weightf 
the unK of time, &c. \ and point out the difference between concrete and 
abetract numbers. 

4. Explain what is meant by a seals of notation: in the quinary 
scale how would the number seven be represented P if only seven digits 
were used how would the number thirteen be represented P 

5. Explain the decimal or denary scale of notation; and show how 
with only nine symbols and the cipher we are able to represent any 
numbers however large. 

Does the principle of local value depend in any way on tHat of 
decimal notation? or could the one principle be employed without 
the other? 

C 
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6. Point out the conyeniences of our method of notation, comparing 
it with any other method you are acquainted with. 

What is the use of the cipher? may it be placed with equal propriety 
at the beginning, at the end, or in the middle of a number P 



CHAPTER 11. 



ADDITION, 8UBTBACTI0N, MULTIPLICATION, AND DIVISION. 

Obs. The three following Tables, viz. the Addition Table, the Sub- 
traction Table, and the Multiplication Table should be thoroughly com- 
mitted to memory.* In the first Table the sum of any number in the 
upper horizontal column and of any number in the left-hand vertical 
column will be found in the square formed by the intersection of the 
two columns in which the numbers stand ; in the second, the excs88 of 
any number in the upper horizontal column over any number in the 
left-hand vertical column will be found in the square formed by the 
intersection of these two columns ; and similarly in the third, the pro- 
duct of any two numbers, one in the upper horizontal column, the other 
in the left-hand vertical column, will be found in the square formed 
by the intersection of the two columns in which the respective numbers 
stand. 



* When commencing the study of Arithmetic, after the fundamental 
principles have been thoroughly explained and understood, the learner 
should so commit to memory the tables here given, as to say at once, 
without mental effort, and as it were mechanically, the result of any simple 
Addition, Subtraction, or Multiplication. Very awkward habits are often 
formed by beginners; for instance, in numeration children count up 
through units, tena, himdreds, &c., instead of being taught to remember 
that me fourtii figure is in the place of thousands, the seventh in the 
place of millions, the thirteenth in the place of billions, &c. In Addition, 
perhaps, they are allowed to count on their fingers, or by strokes upon 
the slate. These habits should be checked at the first; and the method 
of ready reckoning insisted on, that is, the method of performing these 
operations almost mechanically. 
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The Subtraction Table. 
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The Multiplication Table. 
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[0&«. We must here explain that + for plus, - for minus, x for intOf 
and V for by, are the signs of addition, subtraction, mtdtiplication, and 
division respectively; and that the sign s, or equal to, means that the 
quantities between which it stands are equal to one another.] 

§15. ADDITION (from addo to ^five to) is the putting together two or 
more quantities into one ; this result, which is as large as all the original 
quantities together, is called their sum, 

§16. Add together 1863 and 6789, and explain the process. 

Axiom, The sum of two numbers is equal to the sums of their re- 
spective parts collected together. 

Now 1863 = 1 thousand + 8 hundreds + 6 tens + 3 units, 
and 6789 = 6 thousands + 7 hundreds 4- 8 tens -f 9 units, 

and as the sum of these two numbers is equal to the sums of their 
respective parts, that sum is 

7 thousands f 15 hundreds -i- 14 tens + 12 units. 

But here we may observe that 12 units make up 1 iejx and 2 units; 
.writing 2 in the place of units and carrying 1 to the place of tens, we 
have 15 tens; but 15 tens are equal to 1 hundred and 5 tens; writing 

5 in the place of tens, and carrying 1 to the place of hundreds, we 
obtain 16 hundreds: but 16 hundreds are equal to 1 thousand and 

6 hundreds ; writing 6 in the place of hundreds, and carrying 1 to the 
place of thousands, we have 8 thousands. Hence the entire sum is 
8 thousands, 6 hundreds, 5 tens, and 2 units; or is 8652. 

This may be exhibited in another form thus : 

1863 = 1 thousand -i- 8 hundreds + 6 tens + 3 units, 
6789 » 6 thousands + 7 hundreds + 8 tens + 9 units. 

The sum is 7 thousands + 15 hundreds + 14 tens + 12 units, 

i,e» 7 thousands + 15 hundreds + 14 tens + 1 ten and 2 units, 

ue.l thousands +15 hundreds + 15 tens + 2 units, 

i.e, 7 thousands + 15 hundreds + 1 hundred and 5 tens + 2 units, 

i,e.*I thousands + 16 hundreds + 5 tens + 2 units, 

t.0. 7 thousands + 1 thousand and 6 hundreds + 5 tens + 2 units, 

t.a. 8 thousands + 6 hundreds + 5 tens + 2 units, 

i.e. 8652. 
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Haying observed the principle upon which the process depends, it will 
be sufficient in practice to use the following shortened form : 

1863 
6789 

8652 

Instead however of performing the process by saying, " 9 and 3 are 1 2, 
"put down 2 and carry 1; 8 and 1 are 9, 9 and 6 are 15, put down 5 
** and carry 1 ; 7 and 1 are 8, 8 and 8 are 16, put down 6 and carry 1 ; 
'' 6 and 1 are 7, 7 and 1 are 8," using as few words as possible, say only 
" 9 and 3, twelve ; 9 and 6, fifteen ; 8 and 8, sixteen ; 7 and 1, eight/' 

§17. Add together £9 „ 19«. „ llcf. and £8 „ 18«. „ Sd, and explain 

the process. 

£. s, d. 

9 „ 19 „ 11 

8 „ 18 „ 8 

adding like denominations we obtain as the sum 17 „ 37 „ 19 

But 19 pence are 1 shilling and 7 pence; writing 7 in the place of pence 
and carrying 1 to the place of shillings, we have 38 shillings; but 
38 shillings are £1 and 18 shillings ; writing 18 in the place of shillings, 
and carrying 1 to the place of pounds, we have £18. Hence the sum 
is £18 „ 18«. „ Id. 

§18. SUBTRACTION (from subtraho, to withdraw) is the removal of 
a less quantity from a greater; the quantity to be diminished (mtnu- 
endum) is called the minuend, the quantity to be withdrawn (subtra" 
hendum) is called the subtrahend, and the quantity which remains is 
called the difference, 

§19. The subtraction of simple numbers, in accordance with the 
table given above, is effected by the memory; but in high numbers, 
especially where some of the figures in the subtrahend are greater than 
the corresponding figures in the minuend, a process must be adopted, 
the principle of which depends upon the two following axioms : 

(1) The difference of two numbers is equal to the differences of their 
respective parts taken together. 

(2) The value of the minuend is not altered by separating the various 
denominations of which it is composed, viz. tens, hundreds, &c., into 
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several parts, and reckoning one ten as 10 units, one hundred as 

10 tens, &c. 

Ex. Subtract 7495 from 9063. 

If we take units from units, tens from tens, hundreds from hundreds, 

&c., the differences of these several parts taken together will make up 

the differences of the given quantities. Now, writing the subtrahend 

beneath the minuend, 

9263 
7495 

if we endeavour to take 5 units from 3 units, the 5 being the larger 
number cannot be taken away from the 3 ; therefore separate the 6 tens 
in the minuend into 5 tens and 1 ten, and add the 1 ten as 10 units to the 
3 in the place of units ; this will make 1 3 units in the place of units and 
leave 5 tens in the place of tens ; take the 5 units in the subtrahend 
from the 13 units now in the minuend, and write in the remainder 8. 

We have now 5 tens in the minuend, from which to take 9 tens in 
the subtrahend ; as this is impossible separate the 2 hundreds in the 
upper lin6 into 1 hundred and 10 tens ; leave 1 in the place of hundreds 
and add 10 tens to the 5 in the place of tens, making 15 tens in the 
minuend ; take 9 tens from 15 tens, and in the remainder write 6 in the 
place of tens. 

There is now 1 hundred in the minuendr from which to take 4 
hundreds in the subtrahend ; this likewise being impossible, separate 
the 9 thousands in the minuend into 8 thousands and 10 hundreds; 
leave 8 in the place of thousands, and add the 10 hundreds to the 1 in 
the place of hundreds, making 11 hundreds in the minuend. From 

11 hundreds take 4 hundreds, and in the remainder in the place of 
hundreds write 7. 

Lastly, we have 8 thousands in the minuend, from which to take 
7 thousands in the subtrahend; and this being possible, in the re- 
mainder in the place of thousands write 1. 

The minuend in lt» imaginary altered form would stand thus: 

8 thousands -i- 11 hundreds + 15 tens + 13 units, 
From which we ean take 7 thousands + 4 hundreds + 9 tens + 5 units, 
leaving as a remainder 1 thousand + 7 hundreds -i- 6 tens + 8 units. 

§20. In the process adopted in practice the figures in the minuend 
are not actually altered ; and perhaps we might more simply explain 
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the practical process as follows : 

9263 
7495 



To subtract 5 from 3 is impossible; so separate 1 ten from the 6 tens, 
and adding it to the 3 units, say 5 from 13 leaves 8. Now we are sup- 
posed to have separated 1 ten from the 6 tens, but as the figure really 
remains 6, we still have to take 1 from it ; also we have to take from it 
the 9 in the lower line; so instead of taking away first 1, and then 9 
more, take away 10 at once; but 10 from 6 being impossible, separate 1 
from the place of hundreds, and adding it as 10 tens to the 6 tens, say 10 
from 16 leaves 6. As we have not really taken 1 from the 2 hundreds, 
we have still to take 1 from it, also we have to take the 4 in the lower 
line; instead of taking first 1 and then 4, take away 5 at once; but 5 
from 2 being impossible, separate 1 from the place of thousands and add 
It as 10 hundreds to the 2 hundred, and say d from 12 leaves 7. As we 
have not really diminished the figure 9 in the place of thousands, we 
have still 1 to take from it, and likewise we have to take away the 7 in 
the lower line ; so, taking away 8 at once from the 9, we have 1 left in 
the place of thousands, and the entire difference is 1768. 

§21. Since the minuend diminished by the subtrahend equals the 
remainder, it follows that the remainder increased by the subtrahend 
equals the minuend. 

Hence we may test the accuracy of any subtraction by adding together 
the remainder and the subtrahend ; • if their sum be equal to the minuend, 
the subtraction may be supposed to have been correctly performed. 

From this consideration we may deduce a method of obtaining the 
correct result of any subtraction by asking ourselves what must be added 
to the subtrahend to make it equal to the minuend ; thus : 

9263 
7495 

1768 
5 and eight are 13; write down 8 ; and whenever the number resulting 
from the addition is ten or more than ten, (as here 13) carry 1 to the 
next figure in the lower line; 10 and six are 16; write down 6, and 
carry 1 to the next 4 ; 5 and seven are 1 2 ; write down 2, and carry 1 to 
the next 7 ; 8 anti one are 9 ; write down 1. 

As this method will be referred to again, when we come to a compen- 
dious method of division, which will be mentioned below, we give 

D 
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another example of it, obserying that ve only write down the figures 
representing the words printed in italics, and if the sum be ten or more 
than ten, carry one to the next figure, without saying '' put down so and 
80 and carry one." 

Ex. 2. Find the difEerenoe between 4667 and 8498. 

4567 
3498 

1069 
8 and nvM 17 ; 10 and Mr 16 ; 5 and nought 5 ; 3 and one 4. 
Ex. Subtract £5 „ 18«. „ 11<;. from £10 „ 7«. „ 2d. 

10 „ 7„ 2 
5,. 18 „ 11 

4 „ 8 „ 3 

We cannot take 1 Id. from 2d. ; therefore separate the 7«. in the minuend 
into 6«. and 12d. and add the 12d., to the 2d.t making lid, ; from Hd, take 
lid, and write 3c?. in the remainder. Now from the Is., (as the figure 
remains unaltered,) we have still to take away 1«., besides the 188. in the 
subtrahend, t.^. we have to take away 19«.; but as we cannot take 19 
from 7, separate the £10. in the minuend into £9. and 20«., and add the 
20s. to the 7«., making 27«. ; take 19«. from 27«., and write 8s. in the 
remainder. From the £10. remaining unaltered we have still to take 
£1., besides the £5. in the subtrahend; i.e. we have to take away 
altogether £6. ; subtract £6. from £10., and write £4. in the remainder : 
whence the entire difference is £4. 8s. Sd. 

[The above examples give the reason for the method of what is 
commonly called borrounng and carrying; but as these terms by no 
means explain the operation, the principle of the process employed in 
subtraction is often not understood. The term carrying, which is proper 
enough in addition, is hardly correct in subtraction, as it would be 
difificult to say from what figure anything is carried ; while the term bar- 
rowing needs explanation, and means, as will have been seen, the separa- 
tion of the different denominations of the minuend into several parts.] 

§22. MULTIPLICATION (from multipUx, manifold) is a shortened 
method of performing addition ; when one of two given numbers is to be 
taken as many times as there are units in the other. 

The quantity which is to be multiplied (ntuUiplicanduni, that which 
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is to be taken manifold times) is called the multiplicand ; the quantity 
by which it is to be multiplied is called the mtUtiplier ; and the result, 
the product, ' 

§23. The fundamental principles upon which the process of multipli- 
cation depends are these : 

(1) If we separate any multiplicand into any number of parts, and 
multiply each part severally by any number and add the results, the 
whole multiplicand is thus multiplied: e.g. 15, which may be separated 
into 8 and 7, is multiplied by 9, if 8 and 7 be each multiplied by 9 and 
the results added together. 

(2) If the multiplier be separated into any number of parts and the 
multiplicand be multiplied severally by each of these parts and the 
results added together, this is equivalent to multiplication by the whole 
multiplier: e.g, if it be required to multiply 17 by 12, and we multiply 
17 by 4 and 17 by 8 and add these results, we have then taken 17 exactly 
4-1-8 times, or 12 times. 

From these principles we may deduce the following, viz : 

(3) Any number is multiplied by 10 by annexing one cipher; by 
100 by annexing hoo ciphers; by 1000 by annexing three ciphers, &c.: 
6.^.58x10 = 580; for by annexing the cipher the 8 units have become 
8 tens, and the 5 tens have become 5 hundreds ; ue. the several parts of 
the multiplicand have each received a tenfold increase, and therefore the 
whole number has been multiplied by 10. 

§24. We can now proceed to explain the process of multiplying any 
number by a single figure ; and then, of multiplying any number by any 
other number. 

(a} Multiply 6789 by 5; and explain the process. 

6789 = 6 thousands + 7 hundreds + 8 tens + 9 units, 

we must therefore multiply each of these parts by 5, and add together 
the results : 

Now 9 units multiplied by 5 will give 45 units. 

8 tens . > 40 tens. 

7 hundreds 35 hundreds. 

6 thousands 30 thousands. 
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writing these results in the ordinary way, and adding them together we 

have 

45 units a 45 

40 tens » 400 

85 hundreds « 3500 

30 thousands » 30000 

and 9um of these, which is the required product, is 33945 

To shorten this form in practice it is sufficient to write the multiplier 

under the multiplicand, and to multiply each denomination, units, tens, 

hundreds, &c., severally by 5, carrying whenever it is necessary to the 

next highest denomination : e.g, 

6789 
5 

33945 

Five times nine, 45 ; write do\vn the 5 and carry 4 to the place of 
tens ; five times eight 40, and 4 are 44 ; write down the 4 and carry 4 to 
the place of hundreds; five times seven 35, and 4 are 39; write down 9 
and carry 3 to the place of thousands; five times six 30, and 3 are 33; 
write down 3 in the place of thousands and 3 in the place of ten 
thousands. In performing the operation however, use as few words as 
possible in practice. 

{p) Multiply 6789 by 2345, and explain the process. 

The multiplier 2345 may be separated into 2000 + 300 + 40 + 5 ; if 
then we multiply the multiplicand by each of these parts and add the 
results, we shall obtain the product required : i 

Now 6789x5 = 33945 

6789 X 40 = 271660 

6789x300 = 2036700 

6789 X 2000 = 13578000 

and the sum of all these is 15920205, which is the product required. 

If the ordinary method of performing this operation be compared 
with the detailed process here given, it will be observed that by 
arranging the figures in the second line of multiplication one place to 
the left of those in the first, those in the third one place to the left of 
those in the second, and so on ; we retain the figures in each line in their 
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proper places without the addition of the ciphers at the end of each line ; 
the ahbreyiated form in practice standing as follows : 

6789 
2345 



33945 
27156 
20367 
13578 

15920205 

§25. (1) The product of two numbers is the same if the multiplicand 
and multiplier he reversed : e.g. 5 tunes 27 = 27 times 5. 

For 5 times 27, means that 27 is to be taken 5 times. Now if we 
had 5 groups each containing 27 things, that would be 27 taken 5 times ; 
and if we took one out of each of these 5 groups, and when so taken 
arranged them in a group by themselves, we should have a group of 5 ; 
and this process might be 27 times repeated before the original 5 groups 
would be all exhausted, and then we should have 27 new groups, each 
containing 5 things, or we should have 5 taken 27 times. And since 
there are in each case the same number of things taken, ».«. since the 
product is in each case the same, we see that 

5 times 27 <= 27 times 5. 

(2) The product of two numbers is said to be a multiple of both 
multiplier and multiplicand. 

For since 5 x 3 = 3 x 5 = 15, the product 15 contains exactly 3 fives 
or 5 threes; and 15 is called a multiple of 5 and 3; for 15 contains both 
5 and 3 an exact number of times. Hence 

Def, A multiple of two numbers is a number which contains each of 
the two numbers an exact number of times. 

A common multiple of several numbers is a number which contains 
each of the several numbers an exact number of times. 

The least common multiple of several numbers is the least number 
which contains each of the several numbers an exact number of times. 

(8) The multiplication of one number by a second^ and of that product 
again hy a third number^ is equivalent to one multiplication by the product 
of these two multipliers ; e.g, the multiplication of 15 by 3 and of that 
result by 4, will be the same as the multiplication of 15 at once by 12. 

For ]5x3s45, whence we may say that forty-five contains 15 
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exactly 3 times; therefore 4 forty-fiyes will contain 16 four times as 
often, or* 4 times 3 times, or 12 times. 

The same thing may be exhibited thus: 

15x3x4=i45x 4 =180 
15 X 3 X 4 = 15 X 12 » 180. 

(4) The result of the multiplication of one number by a second, and 
of that product again by a third number is called the continued product 
of the three numbers : e,g, 

2x3x5 = 6x5<r30, 

where 30 is the continued prodtict of 2, 3, and 5. 

Also, since 2 x 3 x 5 = 2 x 15 = 30, 

we see that 30 contains each of the numbers 2, 3, 5, 6, and 15 an exact 
number of times ; therefore 30 is a common multiple of 2, 3, 5, 6, and 15. 
Likewise as no number less than 30 will contain all the numbers 2, 3, 5, 
6, and 15 an exact number of times, 30 is the least common multiple of 
these numbers. 



\, We haye seen that we can add together concrete quantities as 
pounds, &c., and that we can subtract such quantities one from the 
other; we cannot however mu&tp/y them together; to attempt to mul- 
tiply together pounds and pounds is to attempt an impossibility. It is a 
common error nevertheless to suppose that £5. multiplied by £2. gives 
as a result £10.; but from the definition of multiplication, which 
requires that one quantity should be taken as many times as there are 
units in the other, it will be seen that to take £5. *< two pounds times " is 
mere nonsense ; we can take £5. two times, and the result will be £10 ; 
that is to say, we can multiply any concrete quantity by any abstract 
number ; but no concrete quantity can be multiplied by another concrete 
quantity, whether of its own or of any other denomination : that is to 
say, in multiplication the multiplier must always be an abstract number ; 
the multiplicand may be either abstract or concrete, but if the multipli- 
cand be concrete, the product must also be concrete. There is a seeming 
exception to this rule, where feet multiplied into feet give square feet, 
but this will be explained below, in the rule of cross multiplication. 
Hence so-called compound multiplication consists of the multiplication 
of concrete quantities by abstract numbers, t.e. of the repetition of 
oonoxete quantities a certain number of times. 
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Ex. 1. Required to multiply £17. IBs. 9d, by 8, and to explain the 
process. 

Multiplying the seyeral denominations by 8 we obtain 

£. «. d. 

17 „ 18 „ 9 

8 



136 „ 144 ,, 72 

Here we observe that 72 pence make 6 shillings, writing in the place 
of pence, and carrying 6 to the place of shillings we have 150 shillings, 
but 150 shillings make £7. and 10 shillings; writing 10 in the place of 
shillings and carrying 7 to the pounds we have 143 pounds ; hence the 
product in its simplest form is £143. lOs, Od. 

Ex. 2. Multiply £23. 7«. Hi. by 63. Since 9 times 7 is 63, if we 
here multiply the given quantity by 9 and by 7 successively, %,e. multiply 
£23. Is, llcf. by 9 and then multiply that result by 7, we shall by that 
means effect the multiplication by 63 : hence, 

£ 8, d, 
23 „ 7„11 
9 



210,, 11 „ 4 



7 



£1473,, 19 „ 4 



Ex. 3. Multiply £105. 10*. 2d, by 39. 

Since 6 x 6 + 3 = 39, 

if we multiply the given sum of money by 6, and then that result by 6, 
and to that continued product add 3 times the original sum of money, 
we shall obtain the product of £105. 10«. 2J. and 39. 

£. 8, d. 
105 „ 10 „ 2 X 3 
6 

635 „ 6 „ = product by 6 
6 



3811 „ 16 „ = product by 36 
316 „ 10 „ 6 = product of top line by 3 

£4128 „ 6 „ 6 = product by 39. 

The multiplication of large sums of money is rendered more easy by 
certain processes which are explained under the Rule of ** Practice." 
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§27. DIVISION is generally defined to be a shortened form of 
performing subtraction ; when we require to know how often one num- 
ber called the divisor may be subtracted from another called the dividend ; 
the number which expresses tliB number of times the subtraction may 
be repeated, is called the Quotient, 

We may however define division more generally as the converse of 
multiplication. We have seen that there is only one form of multipli- 
cation ; we can only require that any quantity should be taken a certain 
number of times ; and although the multiplicand may be either abstract 
or concrete, yet the multiplier must of necessity be abstract. But when 
we come to the converse operation, we shall see that there are two 
different forms in which it may be required to be done ; we may, for 
instance, either wish to know how many times 6 can be subtracted from 
24; or we may wish to separate 24 into 6 equal parts: similarly, in 
concrete quantities, we may either wish to know how many sums of £6. 
each there are in £24., or we may either wish to divide £24. into 6 
equal parts. Now in either of these cases we know the product : but 
when we ask how many times 6 can be subtracted from 24, or how 
often £6. will go into £24, we have the multiplicand given, and are to 
find the multiplier ; when we wish to divide the number 24 or £24, into 
6 equal parts, we have the multiplier given to find the multiplicand. If 
therefore we define division as a method of performing a series of eub- 
traetionSi we only include the former of these processes ; whereas by 
defining it as the converse of multiplication, both are included. 

The explanation of the process, however, need only refer to one of 
these cases, as we know (cf. §26. 1.) that it makes no difference in the 
product if we transpose the multiplier and multiplicand, %,e, that 
6 X 4 = 24, as well as 4 x 6 = 24. Hence the simplest process of division 
would be that of successive subtractions : e,g, to divide 24 by 6, subtract 
6 from 24, and then subtract 6 from the remainder, and then 6 from 
that remainder; and so on, until the remainder is either nought or less 
than 6 ; then the number of subtractions which have been made will be 
the quotient. Thus, the quotient of 24 divided by 6 is 4, because 4 such 
subtractions could be made ; the quotient of 25 divided by 6 is 4, with 
a remainder 1. 

In order to avoid the labour of repeated subtractions, we may lay 
down the following principle, viz : that if we separate any dividend into 
any number of parts, and find how often the divisor may be subtracted 
from each of these parts, (or how often the divisor is contained, as it is 
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called, in each of them,) we shall, by adding these results, obtain the cor- 
rect quotient .of the whole dividend divided by that divisor; because it is 
evident that the tohole dividend will contain the divisor as many times 
as its several parts together contain it, 

£x. 1. Divide 3213 by 9, and explain the process. 

3213 may be separated into 3200 f 13; now 3200 contains 9 more 
than 300 times : subtract 9 x 300, or 2700, from 3200, and there remains 
500; so that the entire dividend now remaining is 500 + 13; but 513 
contains 9 more than 50 times; subtract 9x50, or 450, from 513, 
and there remains 63; but 63 contains 9 exactly 7 times; sub- 
tract 9x7 from 63, and the remainder is 0. We have there- 
fore made in all 300 -i- 50 -f 7 subtractions, or the quotient is 357. 
The form commonly adopted depends upon the reasoning above 
stated, although it is shortened in practice by the omission of ciphers. 

The process of division may be shown to be the exact converse of 

that of multiplication by the following illustrations. First multiply 123 

by 8 ; separate 123 into 100 + 20 + 3, and multiply each part by 8 ; 

they become 800 + 160 + 24, and these added together amount to 984. 

Now divide 984 by 8: from 984 subtract 8 one hundred times; i,e. take 

away 800, leaving 184 as a remainder. From this remainder subtract 

8 twenty times, i.e. take away 160, leaving 24 as a remainder; from 

this remainder subtract 8 three times, i.e, take away 24, and there is no 

remainder. We may exhibit this in the following tabular form, where 

multiplicand, multiplier, and product, answer respectively to quotient, 

divisor, and dividend: 

Multiplicand. Multiplier. Prodnot. 

(100 + 20 -H 3) multiplied by 8 is 984. 

Divisor. Dividend. Quotient. 
8) 984 (100 i- 20 + 3 

800 

184 
160 

24 
24 



Again 456 x 78 » 400 x 78 + 50 x 78 + 6 x 78 

c: 31200 + 3900 + 468 
» 35568 
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Now let it be required to divide 36568 by 78. 

From 35568 
Subtract 78 x 400, or 31200 

4368 B remainder after 400 lubtraetions of 78. 
Subtract 78 x 50, or 3900 

468 - remainderafter50moretubtractionsof 78. 
Subtract 78 x 6, or 468 

s remainder after 6 more subtractionB of 78, 

hence there hare been 456 subtractions in all; or the quotient of 35568 

by 78 is 456. 

The process called " Long Division " may now be easily explained : 
let it be required to divide 550974 by 1472, and to explain the operation : 

The dividend may be separated into 550 1472) 550974 (300 + 70 + 4 
thousands, 9 hundreds and 74 ; now 5509 ^^^QOO 

will contain 1472 more than 3 but less 109374 

than 4 times : therefore 650974 will con- ^^^040 

tain 1472 more than 300 but less than 400 6334 

times. Subtract 300 times 1472 from the ^888 

dividend, i.e. subtract 441600; and there 446 remainder, 

remains 109374. Now 10937 contains 

1472 more than 7 but less than 8 times; therefore 109374 contains 1472 
more than 70 but less than 80 times: subtract 70 times 1472 from 
109374, i.e. subtract 103040; and there remains 6334; lastly 6334 
contains 1472 more than 4 but less than 5 times : subtract 4 times 1472, 
i,e. subtract 5888 from 6334, there now remains 446, which is less than 
the divisor; and consequently no further subtractions can be made. 
Hence the quotient is 374, and there is a remainder 446. 

The form is shortened in practice by omitting the ciphers not only in 
the quotient but also in each successive subtrahend ; care being taken to 
keep the figures in each of these lines in their proper places without them ; 
also by not bringing down all the figures in the dividend every time, but 
only those which from time to time are required to take part in the process. 

The correctness of any sum in division may be proved by multiplying 
together the divisor and quotient and adding to their product the 
remainder : if this produces the original dividend, the operation has been 
correctly performed. 

§28. We have stated (in subtraction §21,) that the difierence between 
two numbers may be obtained by writing down what must be added to 
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the less to make it equal to the greater. By adopting this process in 

division, we may combine in one row of figures the two processes of 

multiplication and subtraction ; that is to say, instead of writing down 

at length each product of the divisor multiplied by the several figures of 

the quotient and then subtracting, we may mentally multiply each 

figure of the divisor, and write down as we proceed only what must be 

added to it to make it equal to the corresponding figure in the minuend ; 

e.g, in dividing 35861 by 763 the process will stand as follows : 

763) 35861 (47 
5341 
000 

Where the first step is to multiply 763 by 4 and at once subtract thr 
result from 3586 ; these combined processes are efiected thus : " 4 times 3 
are " twelve ; 12 and /our are 16 ; 4 times 6 are 24 and 1 carried (because 
'* 16 is more than 10) are 25; 25 and three are 28; 4 times 7 are 28 and 
**2 carried are 30; 30 and Jive are 35." Only the figures printed in 
italics are written down ; and the 1 from the upper line being brought 
down^we say again, (this time using fewer figures in the process, and 
performing each step of the multiplication mentally,) "21 and nought 
"are 21, carrying two; 44 and nought are 44, carrying four; 53 and 
nought are 53." 

It is well to suppress as many figures as possible in this process, 
arriving at the results of multiplication mentally without saying " 7 times 
3 are 21," &c., and working rather as in the second line of the above 
example than as in the first, where for the purpose of explanation a 
process more full than otherwise necessary is adopted. 

This compendious method of division is worthy of attention both for 
its clearness and for the saving of trouble which it effects ; other exam- 
ples are subjoined, the ordinary process being set side by side, that it 
may be seen how many figures are saved by the shorter form. 

Ex. 1. Divide 1699029276 by 4667283. 



Compendious Method, 

4567283) 1699029276 (372 
32884437 
09134566 
0000000 



Ordinary Process, 

4567283) 1699029276 (372 
13701849 

32884437 
31970981 



9134566 
9134566 
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Ex. 2. DiTide 481135173 by 738245. 

Compendious Method. 

738245)431135173(584 
6201267 
2953073 
000093 



Ordinary Process, 

738245)431135173(584 
3691225 

6201267 
5905960 



2953073 
2952980 



93 



§29. As we can multiply any quantity by 8 and then multiply that result 
by 5, instead of multiplying at once by 15, so instead of dividing at 
once by 15, it would be the same thing to divide first by 3 and then 
divide this result by 5 ; only observing that care must be taken in such 
a case to obtain the correct remainder : e.g, divide 6869 by 3 and 5 
successively I instead of dividing at once by 15, 



5 



6869 



2289 rem. 2 



457 rem. 4 



Now the remainder 2 in the first quotient is 2 units of the upper line ; 
that is, it is 2 ordinary units : but the remainder 4 in the second quotient 
consists of 4 units of the second line ; and as each unit in the second 
line is three times as great as each unit in the upper line, the remainder 
4 is equal to 3 x 4 units of the upper line, tl«. is equal to 12 ordinary 
units; hence the whole remainder is 2 + 12; or is 14. 

Ex. 2. Divide 24533279 by 432. 

Since 6 X 8 X 9 s 432, we may divide successively by these numbers, 
(care being taken to divide by the smallest number first.) 



6^ 
_8 
9 



24533279 



4088879 rem. 5 



511109 rem. 7 



56789 rem. 8 



Here the first remainder consists of 5 units of the upper line, or of 5 
ordinary units; but as each unit in the first quotient, i.e. in the second 
line, is 6 times each unit in the first line, the remainder, after the second 
Quotient has been obtained, consists of 7 units, each of which is 6 times 
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as large as the units in the first line ; that remainder therefore is 6 x 7, 
or 42. Similarly the remainder after the third quotient consists of 8 
units which are 8 times 6 times as large as the units in the first line ; 
and this remainder therefore is 384. Hence the true remainder is 
384 + 42 + 5 or is 431. To find the true remainder, therefore, it is 
necessary to multiply the remainders after every line by all the divisors 
except their otrn, and add the remits. The quotient and remainder 
obtained in this case may be compared with those obtained in the 
ordinary manner by long diyision : 

432) 24533279 (56789 
2160 

2933 
2592 



3412 
3024 



3887 
3456 

4319 
3888 

431 

§30. Although, as we haye seen, we cannot multiply one concrete 
quantity by another, yet we can divide one concrete quantity by another 
of the same denomination. Observe, however, that £10 divided by £2 
does not give £5 as a quotient, but the abstract number 5; and that 
just as £5 taken twice gives £10, so £10 contains £2 exactly 5 times. 
Therefore if we divide any concrete quantity by any abstract number, 
the quotient is a concrete quantity; but if we divide any concrete quan- 
tity by another concrete quantity of the same denomination, the quotient 
is an abstract number. 

Ex. 1. Divide £20 „ As, „ lOJ. into 7 equal parts. 

7 )2Q„ 4„10 
£2 „ 17 „ 10 

Here the quotient obtained by dividing £20 by 7 is £2, with a 
remainder £6; bring £^ into shillings, and add the 120 shillbgs so 
obtained to the 4 shillings in the dividend.; divide the 124 shillings by 7 ; 
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the quotient is 17 shillings, with a remainder 5 shillings; bring 5 
shillings into pence, and add the 60 pence to the 10 pence in the divi- 
dend; divide the 70 pence so obtained by 7, and the quotient is 10 
pence. Hence the entire quotient is £2 „ 17«. „ lOd, 

Ex. 2. Divide £31 „ 8». „ Sd. by £3 „ 1R«. „ Id. We must first 
bring both dividend and divisor to the same denomination, viz. to pence, 
before the division can be effected : therefore 

£ «. d, .£ «. d, 

3 ff 18 „ 7 81 „ 8 ,1 8 
20 J^ 

78 628 

12 12 



943 ) 7544 (8 

7544 
• • • • 

Here the quotient is the abstract number 8, or the dividend contains 
the divisor exactly 8 times. 



Exercise IL 

1. Add together the following numbers : 

(1) 9999,888,77. 

(2) 700653,8949,66735. 

(3) 1568090, 7906, 150986, 289. 

(4) 6895437, 17268, 6743986, 2571. 

(5) 3678963, 2301530, 1010506, 1567375, 1441625. 

(6) 47567395, 56783962, 78975783, 69894697, 85679876. 

2. Subtract 

(1) 2498 from 6673 

(2) 4782 from 3996 

(3) 487465 from 756051 

(4) 99999 from 100001 

(6) 10123589 from 98532101 
(6) 342589678 from 713241351. 

3. From eight million, five hundred and thirty-two thousand, one 
hundred and five, subtract six million, seven hundred and sixty-four 
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thousand, nine hundred and eighty-three ; and then subtract from the 
remainder one million seven hundred and fifty-six thousand, one hun- 
dred and twenty-two. 

4. Subtract sixty-nine million, seven hundred and eighty-four thou- 
sand, seven hundred and thirty-nine, from seventy-two million, five 
hundred thousand, six hundred and ninety-one; and then from the 
remainder subtract two million, seven hundred thousand, nine hundred. 

5. Multiply 

(1) 66789 by 64 (2) 857943 by 978 

(3) 2785693 by 5379 (4) 4579301 by 40067 

(5) 764532 by 8459 (6) 66534433 by 227788. 

6. Divide 

(1) 455 by 13 (2) 1520370 by 3754 

(3) 3632042225 by 7856931 (4) 173286295046 by 8534589 

(5) 69224660505 by 7683945 (6) 4770011800 by 536725. 



Exercise III. 

1. Add together 4563 and 7948, and explain the reasons of the 
process. 

2. What must be added to the sum of £5 „ 17ff. „ Qd. and 
£7 „ 15«. „ llcf. in order to make the total equal to £20? 

3. Subtract 7895 from 8234. 

In what different ways could the operation be performed ? Give 
reasons for the method you adopt; and prove the correctness of the 
answer. 

4. Subtract £3562 „ 19^. „ Id. from £4571 „ 135. „ 2d. and explain 
the principle of the method commonly employed. 

5. Multiply 2685 by 748. 

Explain the meaning of the word multiplication; and state the 
principles upon which the process ordinarily adopted depends. In the 
above instance give a detailed explanation of the several steps by which 
the result is arrived at. 

6. Multiply £78 „ is. „ dd. by 64. 
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7. Divide 1101948 by 2974; find the qaotient and the remainder ; 
explain the operation, and prove the result 

8. In an ordinary long division sum the divisor was 1472, the 
quotient was 374, and the remainder 446 ; what was the dividend ? 

9. How many times does £120 „ 98, „ 2d. contain £17 „ 4«. „ 2d, ? 

10. What will remain after subtracting 4093 as often as possible 
from 143256 ? 

11. If the multiplier be 2036 and the product 8764980, what is the 
multiplicand ? 

12. Show that a number is multiplied by 10 by the addition of a 
cipher to the right. 

13. K the divisor be twice the quotient, and the quotient thrice the 
remainder, find the dividend when the remainder is 99. 

14. Show that if the sum of 23 and 19 be added to the difference 
between 23 and 19 the result is ttoice 23; but if the 'sum of 23 and 19 
be diminished by the difference between 23 and 19, the result is twice 19. 

Assuming that what is here proved true for the particular numbers 
given is generally true for aU numbers, enunciate in words the general 
proposition which may be deduced. 

Exercise IV. 

1. Multiply £6 „ 4«. „ 2d, by 24, by multiplying it first by 6 and 
then multiplying that result by 4. 

2. In a similar way multiply £16 „ 15$. „ 4cd. by 32. 

3. Observing that 3 x 5 x 7 = 105, employ short division to divide 
4796292 by 105; find the true remainder, and explain the process by 
which it is obtained. 

4. At a certain house of business the sums of money received and 
paid away daily throughout a week were as follows : Monday, receipts, 
£1073 „ 16s, „ 4d, payments, £562 „ 18«. „ 9d. ; Tuesday, receipts, 
£987 „ 158, „ 3d,, payments, £739 „ 17«. „ 5d, ; Wednesday, receipts, 
£854 „ lis, „ lld.f payments, £947 „ 16s. „ lid. ; Thursday, receipts, 
£9376 „ 19«. „ 2rf., payments, £1073 „ 159. „ 3df. ; Friday, receipts, 
£786 „ 17». „ 6£?., payments, £693 „ 0«. „ 7df. ; Saturday, receipts, 
£1240 „ Os. „ lOd., payments, £892 „ lis. „ Id. What was the excess 
of the total receipts over the payments during the week ? 
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5. What inll be the cost of 1000 quarters of wheat at 53«. per 
quarter? And how many quarters may be bought for £4687 „ 17«. at 
the same price ? 

6. If it cost £14600000 annually to support a standing army of six 
hundred thousand men, what is the average daily cost of each man ? 

7. Bought 40 articles at 12«. 6d. each, and 60 more of the same 
kind for ld«. 6d. each ; required the whole cost, and the average price of 
each article. 

8. If 145 sheep cost £169 „ Ss. „ 4 J., what is the price per score ? 

9. Employ the << compendious process of division" in dividing (1) 
170765 by 4899. (2) 32016768 by 31024. (3) 202611423 by 467362. 



CHAPTER III. 

SOME PRACTICAL METHODS OF SHORTENING LABOUR IN THE 
FUNDAMENTAL RULES OF ARITHMETIC. 

§31. (1) Since to multiply by 5 is to multiply by half ten, therefore 
to multiply any number by 5 add to it 0, which multiplies it by 10, and 
then divide by 2 : Thus 456789 x 5 is the same as 4567890 -^2; and we 
obtain the product of 456789 multiplied by 5 as follows : 

2) 4567890 

2283945 

(2) Sunilarly, since 100 4- 4 = 25, and 1000 -f 8 = 125, to multiply by 
25 add two ciphers and divide by 4; to multiply by 125 add three ciphers 
and divide by 8. 

e,g. the product 7854 x 25 may be obtained thus : 

4 ) 785400 
196350 * 
The product of 53267 x 125 may be obtained thus : 

8 ) 53267000 
6658375 ' 



,^ 
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(3) Nine times any number Lb one leas than ten times ; therefore to 
any number add 0, and subtract the original number: the result will be 
the number multiplied by nine. 

Thus : 45376 x 9 is the same as 458760 - 45376, which is 408384. 

(4) The multiplication by 11 may be effected by adding a cipher, 
which multiplies by 10, and then adding the multiplicand; thus the 
product of 94872 x 11 is found as follows: 

948720 

94872 

1043592 

(5) The multiplication by any number from 12 to 19 inclusive, may 
be effected in one line as follows : multiply by the figure of the multi- 
plier in the units' place, and to the number to be carried add the figure 
of the multiplicand just multiplied : e,g. multiply 6378 by 19 : 

6378 
19 

121182 

The operation being performed as follows : 

9 times 8 is 72 ; set down 2 and carry 7 + 8, i.0. 15. 

9 times 7 is 63, and 15 is 78 ; set down 8 and carry 7 + 7, %,e. 14. 

9 times 3 is 27, and 14 is 41 ; set down 1 and carry 4 + 3, %.e. 7. 

9 times 6 is 54, and 7 is 61 ; set down 1 and carry 6 + 6, t.e. 12. 

Set down 12. 

The reason will appear obvious if we compare the usual form of the 

operation. 

6378 
19 



57402 
6378 



121182 
(6) When we can see that the multiplier may be separated into 
certain numbers, of which the largest is a multiple of the next below it, 
and that again a multiple of the next below it, and so on, we may 
perform an apparently long multiplication sum in a few lines ; e,ff, let 
it be required to multiply 234567891 by 118813212| using only three 
lines of multiplication. 
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118813212 » 118800000 + 13200 + 12 

c= 13200 X 9000 + 13200 + 12 

= 13200 X 9000 + 12 X 1100 + 12. 

Hence if we multiply the given number 234567891 by 12, then 
multiply that result by 1100, and then that result by 9000, we shall haye 
multiplied it successiyely by 12, 13200, and by 118800000; and if we 
add together these three results, we shall obtain the product of 
234567891 multiplied by 118813212, the operation will be as follows: 

234567891 
12 



2814814692 
1100 

3096296161200 
9000 

27866665450800000 

Adding these three lines we have 

27866665450800000 

3096296161200 

2814814692 



27869764561775892 

(7) Since 4 x 25 is 100, and 8 x 125 is 1000, the division by 25 will 
be effected by multiplying the dividend by 4, and cutting off the last two 
figures from the product, in order to divide it by 100 ; and the division 
by 125 will be effected by multiplying the dividend by 8, and cutting off 
the last three figures from the product. In each case the figures cut off, 
when divided respectively by 4 or by 8, will be the remainder, and those 
left will be the quotient, 

e.g. Divide 6934 by 25 ; and 78451 by 125. 

6934 
4 



} 



277,36 
therefore quotient is 277 with remainder 9. 

78451 

8 



627,608 
therefore 627 is the quotient, with remainder 76. 
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To divide by 9, by 99, by 999, or by any number of nines, cut off 
from the right hand of the dividend as many figures as there are nines 
in the divisor ; write the figures standing on the left of those cut off 
under the original dividend, and again cut off as many figures as there 
are nines in the divisor ; repeat this as often as the number of figures in 
the dividend admits ; add the results : the sum of the figures cut off is 
the remainder, the sum of the figures on the left of those cut off Is the 
quotient. 

If in the addition there be any number carried to the units' place of 
the figures forming the quotient, add the number carried likewise to the 
remainder, (as in Ex. 2. where one is carried.) If the sum of the figures 
cut off be all nines, add one to the remainder, and there is no quotient, 
(as in Ex. 3.) 



Ex.1. Divide 671117 by 99. 



5711 
57 



17 
11 
67 



6768 85 
Hence quotient is 5768, with remainder 85. 

Ex. 2. Divide 123456789 by 999. 



123456 
123 



123580 



789 
456 
123 



368 
1 



123d80|369 
Here quotient is 123580, with remainder 369. 

Ex. 3. Divide 7864643457 by 9999. 



786464 

78 



786542 
1 



3457 
6464 

78 



9999 



786543 quotient, no remainder. 

The reason of this is as follows ; whatever nimiber of hundreds any 
dividend contains, it contains an equal number of ninety-nines, together 
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with an equal number of units. Thus, in Ex. 1, 571117 contains 5711 
hundreds, with a remainder 17. It therefore contains 5711 ninety-nines, 
together with 5711 units, besides the remainder 17. Again, these 5711 
units contain 57 hundreds, with a remainder 1 1 ; they therefore contain 
57 ninety-nines together with 57 units, besides the remainder 11 ; con- 
sequently the original dividend contains 99 altogether 5711 times and 
57 times, that is, 5768 times; while the remainders are 17 + 11 + 57, 
which make 85. 



CHAPTER IV* 



OBEATEST COMMON MEASUBE AND LEAST COMMON MULTIPLE. 



§32. In chap. 2, page 21, we used the term multiple ; this we now 
proceed to explain more fully in connexion with the term measure. 

Def, One number is a Measure of another, when it measures, «. «• 
divides that other an exact number of times. 

Ihf, A Common Measure of several numbers is a number which 
divides each of the several numbers an exact number of times. 

J)ef, The Greatest Common Measure (G. c. M.) of several numbers 
is the greatest number which divides each of the several numbers an 
exact number of times. 

Def. One number is a Multiple of another when it contains, i,e, can 
be divided by, that other an exact number of times. 

Def. A Common Multiple of several numbers is a number which 
contains each of the several numbers an exact number of times. 

Def. The least common multiple (L. c. M.) of several numbers is the 
least number which contains each of the several numbers an exact num- 
ber of times. 
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The terms Measiire and Multiple are thus related; since 5 is a 
measure of 16| therefore 15 is a muUiph of 5 ; here 5 is said to meawre 
15 by the units in the quotient 3. 

By <' an exact number of times ^ in the above definitions is meant 
that the division is effected without any remainder, 

Def. Every number divisible by itself and unity alone is called a 
prime number. 

Bef, When two or more numbers have no common measure but 
unityi they are said to be prime to each other. 

Def, A number which is divisible by other numbers besides itself 
and unity is called a composite number. 

Hence a composite number is one composed of the product of two or 
more prime numbers : e,g, 6 is the product of 2 and 3 ; 12 the product 
of 2, 2 and 3. 

Bef. The Factors of a number are those which being muUiplied 
together produce that number : e,g, 5 and 7 are the factors of 36. For 
although in strictness 5, 7 and 1 multiplied together ^ve 35, yet it is 
usual to exclude unity when speaking of factors. 

GREATEST COMMON MEASURE. 
§33. To find the Greatest Common Measure of two quantities. 

The Rule is as follows : divide the greater number hy the lees, divide 
the less hy the remainder, divide that remainder hy the next remainder : 
and so on, until the remainder is or 1 ; when the remainder is 0, the 
last remainder used as a divisor is the O, C. M, When the remainder is 
1, the given quantities have no common measure except unity, ue, they are 
prime to each other. 

The process will be best understood by an example ; let it be required 
to find Uie G. c. M. of 816 and 561. 

561) 816 (1 
561 

255) 561 (2 
510 

51) 255 (5 
255 

• ■ • 

Hence 51 is the G. c. M. required. 
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Ex. 2. Find the 6. C. M. of 22743 and 15827. 

15827) 22743 (1 
15827 

6916) 15827 (2 
13832 

1995) 6916 (3 
5985 



931) 1995 (2 
1862 



133) 931 (7 
931 



Hence 133 is the G. c. M. required. 

Ex. 3. Find the G. C. M. of 273 and 935. 

273) 935 (3 
81y9 

116) 273 (2 
232 

41) 116 (2 

82 



34) 41 (1 
34 



7) 34 (4 
28 



6)7(1 
6 



Therefore the given nambers have no common measure except unity, 
or are prime to each other. 

§34. To find the G. c. M. of three or more numhera. 

The Rule is as follows: Find the G. C, If. of two of the given nutn- 
here ; then the G. C, Jf. of the first G. C. M, obtained and of the next 
number ; and eoon: ^ last G, C» M. obtained is the G. C. M. of all 
the given numbers. 
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Ex. 4. Find the G. C. M. of 2720, 5168, and 357. 

2720) 5168 (1 
2720 

2448) 2720 (1 
2448 

272) 2448 (9 
2448 

• • • • 

%.e, 272 is the o. c. M. of 2720 and 5168. 

Next find the G. C. M. of 272 and 357. 

272) 857 (1 
272 

85) 272 (3 
255 



17) 85 (5 

85 



therefore 17 is the G. c. M. of the three numbers 2720, 5168 and 857. 

LEAST COMMON MULTIPLE. 

§35. To find the least common multiple of two numbers. 

If the two numbers be prime to each other, the least number which 
will contain them both is their product ; but if they each contain several 
common factors, their product divided by the product of the common 
factors is the L. c. M. ; hence the L. c. M. of two numbers is found by 
dividing their product by their G. c. M. It will therefore be sufficient in 
practice to find the O. C, M, of the two numberSf to divide one of the 
given numbers by this O. C. 3f., and to multiply together the quotient and 
the other of the given numbers : this product is the L. C M. of the two 
original numbers, 

Ex. Find the L. c. M. of 336 and 378. 

We find that the G. C. M. of the two numbers is 42 ; and by dividing 
336 by 42, we obtain a quotient 8 : hence, as 8 multiplied by 378 gives 
3024, we find the L. c. M. of 336 and 378 to be 3024, which number will 
contain 336 exactly 9 times, and 378 exactly 8 times. 
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§36. To find the L. c. m. of three or more numhere. 

Let it be required to find the L. G. M. of 240, 378, and 1716. First 
find the L. c. M. of 240 and 378 : this will be found, by the process 
given above, to be the product of the two numbers divided by their 
O. c. M. i.e. to be (240 x 378) -f 6, or 4 x 378, or 1512. Next find the 
L. c. M. of 1512 and 1716: this will be found to be (1512 x.1716) i- 12, 
or 126 x 1716, or 216216; which is the L. C. M. of the three given num- 
bers. 

§37. Hitherto we have only gone through the ordinary processes for 
finding the G. c. M. of two or of more numbers, and for finding the 
L. c. M. of two or of more numbers. When however we come to ex- 
amine more closely the reason for the processes adopted, we shall see 
that in practice they may often be shortened with advantage. 

The principle of finding the o. c. M. of two numbers depends upon 
the following axioms: (1) A measure of any number is also a measure 
of any muUiple of that number. (2) A measure of each of two numbers 
is also a measure of their sum or difference. 

Now if it be required to find the G. C. H. of 2652 and 19635, the 
operation will be 

2652) 19635 (7 
18564 

1071) 2652 (2 
2142 

510) 1071 (2 
1020 

51) 510 (10 
510 



Here 18564 is a multiple of 2652, and 2142 is a multiple of 1071; 
and 1020 is a multiple of 510. 

Therefore every number which is a common measure of 2652 and 
19635 is a common measure of 18564 and 19635 ; and therefore is a 
measure of their difference 1071 ; and hence is a common measure of 
2652 and 2142; and therefore is a measure of their difference 510 : and 
hence is a common measure of 1071 and 1020; and therefore is a 
measure of their difference 51. 

« Q 
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Also, 51 measures 510, and therefore measures 1020, therefore 
measures 1020 + 51, or 1071 ; therefore measures 2142, therefore 
measures 2142 + 510, or 2652 ; therefore measures 18664,. therefore 
measures 18564 + 1071, or 19635. 

Thus we have proved that every common measure of 2652 and 19635 
measures 51 ; and likewise that 51 measures 2652 and 19635. 

But 51 is the greatest measure of itself. 

Therefore 51 is the greatest common measure of 2652 and 19635. 

§38. In this proof it is to be observed that the process is not that of 
ordinary long division ; the qttotients are of no importance to the result, 
and in fact we are only finding the difference between a larger number 
used as a dividend, and a mtdtiple of a smaller number, used as the cor- 
responding divisor. This multiple therefore need not always (as in 
division) be less than the dividend ; and it will be sufficient in practice 
to find the difference between the dividend and the nearest multiple of 
the divisor, whether that multiple be greater or less than the dividend. 
Attention to this will sometimes shorten labour in the operation : e.ff» 
take Ex. 3, page 39, and find the 6. C. M. of 273 and 935 ; the operation 
may stand thus : 

273) 935(4 
1092 

157) 273 (2 
814 

41) 157 (4 
164 

7) 41 (6 
42 



Here in every case we have taken a multiple greater than the other 
number, and have found the difference by subtracting the upper from 
the lower number, instead of the lower from the upper, as in ordinary 
division ; the process is shortened by this method, as will appear upon 
comparing the two operations. 

There is however no advantage in taking a multiple greater than the 
other number unless it be nearer to it than the next smaller multiple ; 
but at any step in the process it is allowable 'to introduce a greater 
multiple if we see it to be the nearest to the other number; and sub- 
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tractiog the upper from the lower line, to proceed in the ordinary way; 
€.ff. Find the G. c. m. of 3860 and 4768* 

3860} 4768 (1 
3860 

908) 3860 (4 
3632 

228) 908 (4 
912 

4) 228 (57 
20 

28 
28 

• • 

'Whence 4 is the o. a M. 

Again, in finding the o. c. M« of 2720 and 5168, compare the first 
part of Ex. 4. on page 40, with the following form, which is shortened 
by taking the multiple of 2720 nearest to 5168 : 

2720} 5168 (2 
5440 

~272) 2720 (10 
2720 

« • • • 

$39. In finding the L. a m. of two or more numbers, if we can see at 
once that several of them can be divided by a number which is prime to 
the rest, we may divide all the numbers by this common factor, and find 
the L, c. M« of the given numbers by multiplying together the quotients, 
the numbers not divided, and the common divisor: e.ff. Find the 
L. C. M. of 12, 21 and 57. 

Since 12, 21, and 57 are all divisible by 3, the L. c. M. required will 
be found if we divide each of these numbers by 3, and multiply together 
the quUienU, viz, : 4, 7, and 19, and then multiply that result by 3. 

For the L. C. il. of 12 and 21 is ikevt product divided by their G. C. M.: 
i.e. is (12 X 21) V 3, which a 4 X 21, or = (4x7)x3. Hence 84 the 
L. o. M. of 12 and 21 may be obtained by dividing both 12 and 21 by 
the common factor 3, multiplying the quotients together, and multiply- 
ing that result by 3. Again the L. C. M. of 84 and 57, is (84 x 57) -f- 3, 
which from what has just been said a (28 x 19} x 3, and this 
a (4 X 7 X 19) X 3. 
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Hence the L. c. M. of 12, 21 and 57, Ib obtabed by dividing each of 
the numbers by 3, and multiplying these quotients together and then 
multiply that result by 3. 

Besides this, in finding the L. C. M. of several numbers, if we can see 
that any one of them is contained in any other of them, whatever is a 
multiple of the larger, must also be a multiple of the tmaller number ; 
and therefore this latter need not be taken into account at all ; hence in 
finding the L. c. M. of several numbers we may suppress all those which 
are divisors of any of the others. The operation therefore of finding the 
L. G. M. of several numbers whose common factors can be easily seen by 
inspection will be performed as in the following example: Find the 
L. C. M. of 3, 8, 12, 16, and 22. 

Here 3 may be suppressed altogether because it is a divisor of 12, 
and 8 because it is a divisor of 16 ; and we proceed with 12, 16 and 22, 
thus: 

2 ) 12, 16, 22 

2 ) 6, 8, 11 

3, 4, 11 

Now as 3, 4, and 11 are all prime to one another, their L. c. M. is their 
continued product; therefore the L. c. M, of the given numbers 3, 8, 12, 
16, and 22, is 3 X 4 X 11 X 2 X 2, or is 628. 

In any line of the division any number may be crossed out and 
suppressed which is a divisor of any other number in the same line : e.g. 
in the following example, in the second line 7 is suppressed, being a 
divisor of 3d. 

Find the L. O. H. of 21, 45, and 35. 

8 21, 45, 35 

5 y, 15, 35 

3, 7 

Therefore 3 x 7 x 5 x 3 s 315 the L. c. H. required. 

§40. The common fectors of many numbers may be found by tiup^c- 
Han by being acquainted with the following properties of nunibera : of 
which the jiroo/9 are not given here, because they are often long; the 
results however are very useful in practice, and, when carefully noted and 
accurately remembered, will often save the labour incurred by employ- 
ing needless trial divisors. 
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Numbers are dinsible by 

2, when they are even, 

3, when the eum of their digits is divisible by 3. 

4, when their two right-hand digits are divisible by 4. 

5, when they have 6 or in th^units' place. 

6, when they are even, and the eum of their digits is divisible by 3. 
6, when their three right-hand digits are divisible by 8. 

9, when the sum of their digits is divisible by 9. 

10, when they have in the units' place. 

11, when the difference between the snm of the digits in the odd 

places and the sum of the digits in the even places is either 0, or is 
divisible by 11. 

12, when the two right-hand digits are divisible by 4, and the sum of 
the digits divisible by 3. 

For the number 7 no rule can be given shorter than actual trial by 
division. 

AIL prime numben, except 2 and 5, have either 1, 3, 7, or 9 in the 
place of units ; but it is not conversely true that all numbers having 1, 
3, 7* or 9 in the place of units are prime. 

§41. By the help of these rules, we can now decompose composite 
numbers into their prime factors, 

[Obs. We must first explain that when a number is multiplied into 
itself any number of times, the product is called a power of the number ; 
above the number and to the right-hand of it is written a small figure, 
which denotes the number of factors that produces the power ; and this 
figure is called the Index : thus 2 x 2 is called 2 squared, or 2 raised 
to the second power, and is written 2'; 2 x 2 x 2 is called 2 cubed, or 2 
raised to the third power, and is written 2^; and so on.] 

The method of decomposing or resolving any number into its prime 
&ctors is as follows : Divide the given number successivelg, and aa often 
aepoeeible, by each of the prime numbers, 2, 3, 5, 7, ^c, beginning with 
ths lowest prime divisor that will measure the given number: when the 
last quotient is prime, this prime quotient and the several divisors which 
have been used are t?ie prime factors required. 
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ABITHMETIO* 



Ex. 1. Decompose 4550 into its prime factors. 



2 

5 

5 

13 


4550 

2275 

455 



And as the last quotient 7 is prime, the required prime factors are 
2x5x5x13x7, which may be written 2 x 5' x 13 x 7. 
Ex. 2. Decompose 11088 into its prime factors. 



2 


11088 


2 


5544 


2 


2772 


2 


1386 


3 


693 


3 


231 


7 


7T 



11 

Hence the prime &ctors required are 2* x 3' x 7 x IL 

As in this example we can see by in^tection that 11088 is divisible by 
8, since the two right-hand digits are divisible by 8, we might have 
divided a^ once by 8, or by 2'; and then, after the next division by 2, we 
might have seen that the quotient 693 was divisible by 9, or by 3*; and 
the operation in a shortened form might have stood thus : 



2» 


11088 


2 


1386 


3* 


693 


7 


77 



11 

Ex. 3. Eesolve 426888 into its prime factors. 

426888 



2» 
3« 

7 

11 



53361 



5929 



847 



121 



11 



Hence 2* x 3' x 7' x 11* are the required prime &ctors. 
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§42. By decomposing numbers into their prime factors we may find 
either their o. c. M. or their L. c. M. 

Take for instance, the numbers 1260, 10584, 12960; decomposed into 
their prime factors, they become respectively 2' x 3" x 5 x 7, 2' x 3' x 7*, 
2*^ X 3^ X 5; and of these the only factors which are common to all, are 
2' and 3'; whence the greatest number which will measure them all, or 
the G. C. M., is 2* X 3*, or is 4 X 9, or 36. 

On the other hand, the least number which will contain all these 
prime factors must evidently contain the highest powers of each of them ; 
that is, the L. c. M. must contain 2^ S*, 5 and 7*; and therefore the 
L. c. M. is the product 2* x.3* x 5 x 7', or is 635040. 

From this we deduce the following rule for finding the G. c. M. or the 
L. C. M. of several numbers. Decompose the given numbers into their 
prime factors: multiply itogether the lowest ^otc^er« of those factors which 
are common to all ; the product so formed wUl he the G, C M, of the 
given numbers, MuU-^ly together the highest powers of aU the factors 
that occur ; the product so formed tviU be the Z. C M, of the given 
Slumbers^ 



Exercise Y. 

I. Find the Greatest Common Measure of 
1. 1729 and 5850. 2. 6409 and 7395. 
3. 8645 and 12350. 4. 8398 and 29393. 5. 11050 and 35581. 

n. Find the Least Conmion Multiple of 
1. 792 and 936. 2. 1224 and 1656. 
3. 1692 and 1708. 4. 11050 and 35581. 

III. Find the G. C. M. of 

1. 9139, 4403, 13949. 2. 6162534, 10190334, 19937610. 

3. 7648, 13384, 63096. 4. 12562, 4568, 5139, 8565. 

6. 4230, 141000, 95175, 3760, 27636. 6. 22578, 13144, 1113. 

IV. Find the L. C. M. of 

1 3528,25725,23625,432. 2. 316,392,553. 
3. 1587,575,1035. 4. 1121,413,133. 
5. 493, 68, 174, 153. 6. 14491, 16641, 3707. 
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V. Decompose into their prime factors 

1. 1800. 2. 3528. 3. 40425. 4. 690690. 

VI. Decompose into their prime factors, and thence find the o. C. M. 
and the L. c. H. of the numhers, 

1. 17725554, 1054872, and 2406096. 2. 340362, 37818, and 7147602. 

VII. Fmd the L. c. M. of 4, 12, 16, 20, and 36; also of 5, 7, 16, 28, 
48, and 21. 

Vni. Find the greatest number which will divide 898, and 442, 
leaving as remainders respectively 7 and 5. 

IX. Required the least number which can be divided by 7, 12, 15, 
and 24, with a remainder 3 in every case. 

X. Eequired the least number which when divided by 5, 8 and 9, 
gives in every ease the remainder 2. 

XI. Find the greatest number which will divide 6332, and 23999, 
leaving as remainders 5 and 2 respectively. 

Xn. Find the greatest numbers by which when 3863 and 4769 are 
divided, the respective remainders are 3 and 1. 



§43. As regards the different denominations of money, &c., we have 
hitherto only assumed that it is known that 4 farthings make a penny, 
that 12 pence make a shilling, and that 20 shillings make a pound. 
But it is a great inconvenience in the system of our coinage weiij^hts 
and measures, that it does not proceed upon any uniform plan. 
The most convenient system is, no doubt, the decimal: and attempts 
have been made to establish in England a decimal coinage, taking the 
present pound or sovereign as the basis, and dividing this into ten equal 
parts called florins, the florin into ten equal parts called cents, the cent 
into ten equal parts called mils. But great practical difficulties arise in 
altering any system long established; and though fresh attempts are 
made from time to time to bring about uniformity in our system, to adapt 
it to the system in general use on the Continent, and to establish a decimal 
coinage, as well as decimal weights and measures, at present we must 
be content to use the following tables, in which the measures in 
common use are given. 
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TABLES KECESSAfiY TO BE ACCURATELY BEMEMBERED. 



AVOIRDUPOIS. 

16 drams make 1 ounce. 
16 ounces .... 1 lb. 

14 lbs 1 stone. 

28 lbs 1 quarter. 

4 qrs 1 cwt. 

20 cwt. .... 1 ton. 



Hence 112 lbs. make 1 cwt. 

8 stone 1 cwt. 

2240 lbs 1 ton. 



LENGTH. 


1 
4 inches make 1 hand. 


12 inches 


.... 1 foot. 


3 feet 


.... 1 yard. 


6 feet 


1 fathom. 


5} yards 


.... 1 rod, pole or 




perch. 


40 poles 
8 furs. 


1 furlong. 


.... 1 mile. 


3 miles 


.... 1 league. 



Hence 220 yards make 1 furlong. 
1760 yards 1 mile. 



TROY. 

for gold, Jetoels, §•<?. 
24 ^ins make 1 pennyweight 



20dwU. 
12 oz. 



. . 



1 ounce, 
lib. 



SURFACE. 

144 sq. inches make 1 sq. foot. 
9 sq. feet .... 1 sq. yard. 
.... 1 sq. rod, 
pole or perch. 

1 rood. 

.... 1 acre. 



30J sq. yds. 

40 perches 
4 roods 



7000 grains Tr«y, are equal to 1 lb. 
Avoirdupois; whence we can 
bring Troy measure into Avoir- 
dupois, and vice vers^. 



Hence 4840 sq. yds. make 1 acre. 

640 acrs 1 sq. mile. 

N.B. — A square foot, sq. yard, &c. 
is a rectangular parallelogram, 
every side of which measures a 
foot, yard, &c. 

COAL MEASURE. 

3 bushels make 1 sack. 
12 sacks .... 1 chaldron. 

APOTHECARIES. 

20 grains make 1 scruple. 

3 scruples .... 1 dram. 

8 drams .... 1 ounce. 
12 ounces 1 pound. 

The grain, ounce, and lb. are the 
same as in Troy weight. 

CAPACITY. 

2 pints make 1 quart. 
4 quarts .... 1 gallon. 



quarts 
2 gallons 

4 pecks 

8 bushels 

5 quarters 



• • 



1 peck. 
1 DusheL 
1 quarter. 
1 load. 



A barrel of beer contains 36 gals. 

A hogshead of beer 54 gals. 

A hogshead of wine 69 ^als. 

A pipe of wine 2 Imds. 

u 
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CUBIC MEASURE. 

1728 cubic inches make 1 cubic foot. 
27 cubic feet make 1 cubic yard. 

N.B.-«-A cubic foot of distilled water weighs 1000 ounces. 



The difficulty of introducing any change in the established tables of 
weights and measures is shown by the fact that prescriptions are still 
commonly dispensed according to the table of Apothecaries' measure 
given on the other side ; while, nevertheless, the new British Pharma- 
copoBia has published a new table of weights and measures, adopting the 
imperial ounce and pounds but not substituting a new medical grain for 
the Troy grain. 

The new table stands as follows : 

1 pound = 16 ounces = 7000 grains 

1 ounce B. 437.5 grains 

1 grain. 



For the purpose of comparing our weights, measures and coins with 

those in use on the Continent, we may state, as close approximations, 

that 

15} grains = 1 gramme 

11 lbs. = 5 kilogrammes. 

11 imperial gallons = 50 litres. 

11 yards = 10 metres. 

1 sovereign = 25.22 francs. 

1 crown - 6.3 francs. 

1 shilling = 1.26 francs 



The question of introducing into England a decimal system of money 
was much discussed a short time ago : It was proposed to divide the 
pound into ten equal parts called florins, the florin into ten equal parts 
called cents, the cent into ten equal parts called mils. The coins used 
would have been. 

The Mil = 1000th part of a pound; a copper coin, somewhat 2e««than 
a farthing, (as a farthing is the 960th part of a pound). The double mil 
would be nearly a halfpenny (i^d, :) and the 5-mil piece would be \\d. 

The Cent = 100th part of a pound = 10 mils ; a silver coin worth 
2f pence, and therefore a little smaller than the present three-penny 
piece. The two-cent piece would be 4f <^: the 5-cent piece the shilling. 
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The Florin « the 10th part of a pound » 10 cents ^ 100 mils ; a silver 
coin worth 28, 

The half sovereign and sovereign as at present. 

This system, while it would retain the present gold coinage as its 
basis, and would not therefore derange the accounts of the state of 
bankers and of merchants, and would have the further advantage of 
retaining in circulation the silver coins of the shilling and crown, would 
nevertheless present the great disadvantage of abolishing the present 
copper coinage of the farthing, half-penny, and penny : as well as the 
silver coins representing 3d, ^d, and 6d, : it would therefore disarrange 
the ^or man's receipts and payments; and would cause confusion in all 
such cases as the penny postage, penny tolls, &c. ; as well as in the cost 
of all those common necessaries, the price of which is calculated in 
pence. Besides which any number of pence in the old coinage, with the 
exception of sixpence, could not be exactly represented in the new 
coinage. 

The method of reducing the old coinage to the decimal coinage, and 
vice versS, will be treated of under ** Decimals." 



CHAPTER V. 

FBACTIONS. 

§44. We proceed to give two definitions of a Fraction : 
Def. 1. A Fraction is a quantity which represents a part or parts of 
an integer or whole. In its simplest form a Vulgar Fraction consists of 
two numbers, called the Numerator and Denominator ; the Denominator 
shows into how many eqtuil parts the whole is divided, and the 
Numerator shows how many of these equal parts are taken. The 
Numerator is usually placed over the Denominator with a line between 
them. 

Ohe. We suppose every integer to be divbible into any number of 

equal parts at pleasure. 
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Def. 2. A fraction is a simple manner of expressing the diyision of 
the numerator by the denominator.* 

Def. A proper fraction is one whose numerator is less than the 
denominator. 

Def. An improper fraction is one whose numerator is espial to^ or 
greater than its denominator.! 

Def. A compound fraction is a fraction of a fraction, as f of f : 
where f is the quantity of which f is to be taken. 

Def. A complex fraction is one in which either the numerator, or 

2^ 31 
denominator, or both, are fractions ; as -^ , -^ . 

3 4f 

Def. A mixed number consists of a whole number and a fraction ; 
as 5f , which signifies 5 integers together with f parts of an integer. 
Here the plus sign is understood. 

Ohs, Every whole number may be considered as a fraction whose 
denominator is 1 : thus 7 = ^. 

§45. To show that | of 1 is i of 2. 

f of 1 is 2 third parts of unity. 

Now 1 is 3 third parts of unity. 

Therefore 2 is 6 third parts of unity. 

Therefore ^ of 2 is f of 6 third parts of unity, f .e. is 2 third parts of 
unity. 

But f of 1 is 2 third parts of unity. 

Hence f of 1 = J of 2, t.c. = 2 -r 3. 

Hence we see that one of the definitions given above involves the 
other. 

* The following definition of a Fraction has also been given : " Every 
'* sum which does not contain the unit of measurement an exact number of 
<* times, but which can be measured by some part of the unit an exact 
** number of times, is a fraction." 

Thus f denotes a quantity which does not contain the unit of measure- 
ment so much as once ; but which does contain a 4th part of that imit 
exactly 3 times. 

This Definition however does not appear so simple as the definitions 
usually given ; moreover it would not apply to complex fractions, nor to 

lS8,6d 
such fractions as -jj-. 

t In an improper fraction the meaning may appear ambiguous : thus f 
would appear to mean that the unit is to be divided into 3 equal parts, 
and 6 of those parts are to be taken. But in that case we must suppose 
as many units to be each divided into 3 equal parts as will give more than 
6 of such parts, and then 5 of those parts to be taken. 
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Or, we may show that f s i x 2 by the following illustration : 

A d e C f I B 

i II I I I I 

» ■ ■■■■Mill »»■■! I 1^ ^■■»^K^^^i— i^^— M^^^— ^— ^M^— ^^^1^^^ 

Let the length AB represent two yards, and divide each of the yards 
A C, CB into three equal parts Ad, de, eC; Qft/fft ffB. 

Then, since these parts are all equal, Ad and de are together equal to 
Ad and Cf; but Ad and de, being each the third part of a yard, are 
together f of one yard ; and Ad and (^, being each the third part of a 
separate yard, are together i of 2 yards ; therefore f of 1 yard » j^ of 2 
yards; or, the same length is obtained whether we divide one yard into 
three equal parts and take two of them, or divide two yards both into 
three equal parts, and take one out of each of them. 

§46. To muUiply any fraction by any integer mtUtiply the numerator 
hyitfOr divide the denominator by it. 

If the numerator be doubled or trebled, while the denominator 
remains unaltered, the number of parts taken is doubled or trebled, 
but as the magnitude of the parts is unaltered, the value of the fraction 
is doubled or trebled. But if the denominator be divided by 2 or by 3, 
while the numerator remains unaltered, the number of parts taken is 
unaltered, but as the magnitude of the parts taken has been doubled or 
trebled, the value of the fraction is doubled or trebled. 



Thus A X 3 



11 



for in each of the fractions ^ and ^^i the unit is divided into 11 equal 
parts; but thriee as many of these parts are taken in the latter case as in 
the former ; hence the fraction ^ represents the fraction ^ taken 3 
times, or multiplied by 3. 

Again A x 3 « ^ 

for the unit is divided into 3 times as many equal parts in A &s it is in f , 
and therefore each of the parts in | is 3 times as great as each of the 
parts in ^ ; but as the same number of parts are taken in both cases, 
the fraction ^ must be 3 times as great as the fraction ^^a* 

§47. Conversely, to divide a fraction by an integer, divide the numera- 
tor by it, or multiply the denominator by it. 



Thus A -i- 2 = 



IS » 



for in each of the fractions A &nd A the unit is divided into the same 
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number of equal parte ; but only half as many of those parte are taken 
in the latter case as in the former : hence the fraction ^^ represente one- 
half of the fraction A ; or A -r 2 = ^^. 

Again, Av2 = A; 

for the unit is divided into twice as many equal parte in ^^ as in f^, and 
therefore each of the parte in ^^ is only half as great as each of the parte 
in 1^1 : but as the same number of parts are taken in both cases, the 
fraction ^^ must be only one-half of the fraction /l* 

§48. To prove that the value of a fraction is not altered by mtUtiplifinff 
both numerator and denominator by the same quantity. 

If any quantity be both multiplied and divided by the same number, 
ite value is not altered. Now if the numerator of a fraction be multiplied 
by any number, ihe fraction is thereby multiplied by it (§46) ; and if the 
denominator of a fraction be multiplied by any number, the fraction is 
thereby divided by it (§47); therefore by multiplying the numerator and 
denominator of a fraction by the same number, we both multiply and 
divide the fraction by the same number, and therefore do not alter ite 
value. 

Or, we may show that f = f in the following manner : 

A c D E B 



I ' I ' I ' I ' I 

Let the length AB represent one yard, and let it be divided into 4 
equal parte A C, CZ>, DE^ EB\ then AE is f of a yard; but if each of 
these fourth parte were divided into 2 equal parte, the whole yard AB 
would be divided into 8 equal parts, of which AE would contain 6 ; 
therefore AE is f of a yard ; hence i and f are the same thing; the line 
being divided into parte tunce as small in the latter as in the former case, 
but twice as many of those smaller parte being taken. 

Conversely, the value of a fraction is not altered by dividing both 
numerator and denominator by the same quantity. 

§49. We may hence reduce any fraction to lower terms by dividing 
both numerator and denominator by any common factor; and a fraction 
is said to be reduced to ite lowest terms when ite numerator and denomi- 
nator, being both divided by their greatest common measure, are prime 
to one another. Thus, reduce to ite lowest terms the fraction fff ^ : 
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First finding the G. c. M. of the numbers 3094 and 4641 (§33). 

3094) 4641 (1 
3094 

1547) 3094 (2 
3094 

• • • • 

Here 1547 is the o. c. M. required, and by dividing both numerator 
and denominator by this quantity the fraction f^f is reduced to f ; 
where 2 and 3 being prime to each other, the fraction is in its lowest 
terms. 

If the given fraction be an Improper one, first reduce it to a mixed 
number, and then reduce the remainder to its lowest terms: e,g. to 
bring Ws*' ^ its lowest terms. 

195) 3471 (171|f 
195 

1521 
1365 



156 ^ 

And finding the O. c. M. of 156 and 195, viz. 39, the given fraction in 
Its lowest terms becomes 17f . 

It is not always necessary to find the o. c. M. of the numerator and 
denominator, if we can determine by inspection what factors are common 
to both : e.g. to reduce the fraction x^MI ^^ ^^7 divide both numerator 
and denominator successively by the common factors 4, 9, and 11 ; thus, 

X±&S.9. SB SLSl&S. = *oy . JLt 
16046 8769 ■ 416 "" as* 

§50. To bring fractions to others of the same value, having a common 
denominator. 

First, find the Least Common Multiple of all the denominators of the 
given fractions ; divide this L. c. M. separately by the denominators of 
each of the given fractions, and by the respective quotients obtained by 
this division multiply both the numerators and denominators of the 
several fractions : this will not alter their value, but will reduce them to 
equivalent fractions having the least common denominator. 

Ex. 1. Bring f and f to a common denominator. 
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Since 12 is the L. c. M. of 3 and 4, multiply both numerator and 
denominator of } by 4, and both numerator and denominator of f by 3 ; 

2x4 
then i'^Sn^A. 

• 4x3 "• 

Hence f and f are equal respectively to ^^ and j^, fractions which 
now have the same common denominator. 

Ex. 2L Bring }, f , ^, H and 1% to equivalent fractions, having the 
least common denominator. 

Since the L. c. H. of 5, 6, 10, 12, and 20 is 60, 

• 6x12 *^ 

. 5x10 ^„ 
•"6x10 •* 

"^"lOxe""^ 

»«"l2x6 •^^ 

«o 20x3 •^ 
Hence ^, f}, |f , ff , and fj are the fractions required. 

§51. To compare the value of different firacHona^ i,e. to find out which 
is the greatest and which the least. 

Bring the given fractions to others of the same value, having a 
common denominator; then the respective values of the fractions will 
depend upon their numerators, that fraction being greatest which has 
the greatest numerator. 

Thus, to find which is the greatest, f or |. 

6x8 

' 7x8 •• 

7x7 

I = * rz Aft. 

• 8x7 " 

And since ^ is greater than $|, it follows that i is greater than f . 
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£z« 2. Compare the fractions H, if, f}, f|. 

n 11x8 88 
12 "^ 12 X 8 "■ 96 

16 15x6 90 
16 " 16 X 6 " 96 

23 23x4 92 

24 ' 24 X 4 ' 96 

81 ^ 31 X 3 93 
32 "^ 32 X 3 ' 96 

Hence the values of the given fractions are in the following order: 

»a »g ftO 88 
969 06> 061 86* 

K t ft 

Ex. 3. Show that the fraction r — ^ is greater than | and less than f . 

b + 7 

6 + 6 11 
6 + 7° 13' 

Hence, comparing f and H, we get 

6 6 X 13 66 



6 6 X 13 6 X 13 

11 11x6 66 
13 ° 13 X 6 " 6 X 13 ' 

therefore i J w > 6« 

But, comparing \i and f , we have 

U 11x7 ^ 77 
13 '^ 13 X 7 ' 13 X 7 
6 6x13 78 
f 7xl3''l3x7 

therefore tt is < f 

$62. Proper firactioM are increased and improper fractions are di- 
minished by adding the same quantity to both numerator and denominator. 

We may observe in general, that the higher a number is, the less, 
relatively to another number, is its increase made by the addition of 1. 
Thus 2 is double of 1 ; but 3 is no^ double of 2 ; still less is 4 double of 3 ; 
or 100 double of 99. So that by adding an unit, or any number of units 

I 



^8 ABITHMETIO. 

to each of two numberSf the increase to the smaller will be more in 
proportion than the increase to the larger. Hence, if a fraction be 
proper, i.e. if its numerator be less than its denomii\ator, by adding the 
same quantity to both, the increase to the numerator will be more in 
proportion than the increase of the denominator, and the value of the 
fraction will be increased; while conversely, if the fraction be improper ^ 
the increase to the denominator will be less than the increase to the 
numerator, and the value of the fraction will be diminished. 

Now let us take the proper fractions i, f , f , |, f , where each successive 
fraction is made by adding 1 to the numerator and denominator of the 
fraction preceding it. Reducing these to equivalent fractions having 
the same common denominator, they are respectively equal to f S» 6o» eo* 
eot e% I ^^^ AS of these fractions the first is the least and the last the 
greatest, we see that by adding the same quantity to the numerator and 
denominator of proper fractions, their value is continually increased. 

But if the improper fractions f, f, $, i, f be taken; these are 
respectively equal to V^, %%, f J, ^, |f ; and as of these fractions the 
first is the greatest and the last the least, we see that by adding the 
same quantity to both numerator and denominator of improper fractions, 
their value is continually diminished. 

Whence we conclude that we cannot udd the same quantity to the 
numerator and denominator of any fraction, without thereby altering its 
value. 

Conversely, proper fractions are diminished and improper fractions 
increased by subtracting the same quantity from both numerator and 
denominator; whence we conclude that we cannot subtract the same 
quantity from the numerator and denominator of any fraction without 
thereby altering its value. 

[Obs. It is of great importance to remember from this, in reducing 
fractions, that although we may divide both numerator and denominator 
by the same quantity, we may not take away the same quantity from 
both numerator and denominator by stibtraction.'\ 
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CHAPTER VI. 

THE ADDITION, SUBTRACTION, MULTIPLICATION, AND DIVISION OF 

VULGAR FRACTIONS. 

§53. The addition of two or more fractions is effected by finding 
some single fraction which shall express the sum of all the given 
fractions. It is however impossible to find such a fraction unless all 
the given fractions be first expressed with a common denominator : for, 
since the denominator of a fraction expresses the number of equal parts 
into which the unit is divided, it follows that in two fractions which 
have not a common denominator the unit is not divided into the same 
number of equal parts : therefore in endeavouring to add together two 
such fractions, for example f and f , so as to express their sum by a 
dngle fraction, if we did not first bring them to equivalent fractions with 
a common denominator we should have to seek for a new denominator 
which would express that the unit was to be divided into three equal 
parts and four equal parts, while the new numerator must express that 
two of the three equal parts and three of the four equal parts were to be 
taken ; but no single numbers could express this ; and the process could 
only be represented symbolically thus, f + f : but if we reduce the 
fractions f and f to others of the same value having a common denomi- 
nator, (§50) they become j^ and j^ respectively ; and the first fraction 
is made up of eight of the twelve equal parts into which the unit is now 
divided, while the second fraction is made up of nine of those parts ; the 
sum of the two fractions must therefore contain eight and nine, or 
seventeen, of these twelfth parts ; therefore f + f = A + A = i|. 

§54. The addition of a whole number and a fraction is effected by 
writing the whole number as a fraction with 1 for a denominator, and 
then proceeding as in the ordinary addition of fractions, e,g, 7 + f (which 
is commonly written 7|, the sign of addition being omitted,) is equal to 
^ + f = *a^ + f = ^: the shorter form usual in practice is to multiply 
the whole number by the denominator of the fraction, add the numerator 
of the fraction to it, write the sum as the numerator of the new fraction 
with the denominator o( the original fraction. 
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§55. Siibtraeti&n of Fractions. 

We may show, by reasoning similar to that used in the addition of 
fractions, that it is impossible to express by a single fraction the 
difference between two fractions, unless these be first reduced to 
equivalent fractions having a common denominator. We see then, that 
if it be required to subtract f from f , the difference between f and f 
would be obtained by reducing these to equivalent fractions with a 
common denominator, i.e. to f-^ and ^^ ; and then the difference will be 
one of the twelve equal parts into which the unit is now in both cases 
divided. 

Thus A_A-JL_A--i 

§56. Multiplication of Fraetione, 

We have defined multiplication to be an abbreviated method of 
performing addition ; when one of two given quantities is to be taken as 
many times as there are units in the other. 

Now applying this to fractions, to multiply one fraction by another, 
e.g. to multiply } by f , will be to take f as many times or parts of a 
time as there are units or parts of a unit in f ; but as the proper fraction 
f is less than one, this will be to take f not so much as once, but four- 
fifths of once ; i,e. to find the value of | parts of f. But to take | parts 
of f is to divide f into 5 equal parts, and to take 4 of those parts. Now 
the division of f into 5 equal parts is effected by multiplying the 
denominator by 5, (§47) also taking 4 of these parts is effected by 
multiplying the numerator by 4, (§46). 

Thus, t^5 = A, 

and Ax 4= A; 

therefore, f x $ = A» 

Hence the rule for the Multiplication of Fractions, ** Multiply the 
" numerators together for a new numerator, and the denominators together 
**for a new denominator^* 

§57. Since the value of a fraction is not altered by dividing both its 
numerator and denominator by the same quantity, (§48) we may "cancel" 
in multiplying fractions together, i,e. may strike out of both numerator 
and denominator any common factor, before we multiply the numerators 
and denominators together: thus. 
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and this, reduced to its lowest terms, ($49) is i; but we might have 
obtained this result without multiplying 9 and 15, 10 and 27 respectively 
together, by observing that 9 and 27 are both measured by 9, 10 and 15 
both measured by 5 ; and we may write 

9 16 9x5x3 1 



rr X 



10 27 2x6x9x8 2' 

Again, to find the continued product of any number of fractions, as 
of I of ^ of f of I* instead of multiplying together all the numerators and 
all the denominators, we may write 

1 1 ^ 191 1 



§68. When any number or fraction is multiplied by a proper fraction, 
it is taken so many parts of a time as there are parts of a unit in the 
proper fraction ; this result is still called the product of the two quantities ; 
but whereas in whole numbers the product is made by taking a number 
a certain number of times, and a whole number is therefore increased by 
being multiplied by any number larger than unity, so on the other hand 
by multiplying a whole number or a fraction by a proper fraction, the 
product is less than the original multiplicand; and the number or 
fraction, being only taken some part or parts of once, is diminished by 
being multiplied by a proper fraction : e,g, to multiply 2 by |^ is to take 
2 one-half of a time; or the product is one-half of 2, ue. is 1: to 
multiply J by J is to take J only one-half of a time ; or the product is 
one-half of | ; i,e, is \. 

$69. Division of Fractions, 

We have defined division to be the converse of multiplication ; where 
we require to know Juno many times one quantity called the divisor may 
be subtracted from another called the dividend ; the quotient expresses 
the number of times that the subtraction can be performed. / 

Now to apply this to fractions : so long as the divisor is less than the 
dividend one fraction may fairly be said to be divided by another. 
But if the divisor be greater than the dividend, the division cannot be 
performed, and can be only so expressed by a proper fraction, e,g. to 
divide f by ^ will be to enquire how many times i can be subtracted 



* This expression means that of f we are to take f ; of that result we 
are to take i ; and of that result again we are to take i* 
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from i; the quantity expressing the number of times the subtraction 
may be performed will be the quotient* 

Keducing the given fractions to equivalent fractions having a common 
denominator, we have f = {%, and $ = }f . 

We see therefore that we are enquiring how often a larger can be 
subtracted from a emaHer quantity ; and that as H cannot be taken any 
whole number of times from {%, so f cannot be taken away any whole 
number of times from f : hence we must enquire what fractional part or 
parts of a time H can be taken from ^ ; or in other words, what fractional 
part of ii is equal to i% ; for that is the part which can be taken from ^} 
exactly, i,e. without leaving any remainder. This process is still called 
division, and the fraction expressing the required fractional part of the 
divisor is called the quotient. 

Now if we divide \i into 12 equal parts and take 10 of them, we shall 
obtain ten twelfth parts of if; and {% of ^ :» ^; therefore if if of 
}} be taken from ^ there will be no remainder, 

i,e, i% is the fractional part of ^ which represents the quotient : and 
we may either say that we can subtract \% of ff from {% without leaving 
any remainder; or that if of unity represents the number of times the 
required subtraction must be performed.* 

It is here observable that we obtain the required fraction, viz. : H, 
by bringing the dividend and divisor to a common denominator, and 
then taking the numerator of the dividend for the numerator of the 
quotient and the numerator of the divisor for the denominator of the 
quotient. But this result might have been arrived at by reasoning thus : 

f -r f is same as {% -r if. 

Now if will go into if as often as 12 will go into 10. But 12 will 
not go into 10 any whole number of times ; therefore we must write the 
result of such division as a fraction, viz., if ; and the quotient of f 4- f is 
likewise the fraction if. Here the 10 in the numerator is obtained by 
multiplying 2 the numerator of the dividend, by 5 the denominator of 
the divisor, and 12 in the denominator is obtained by multiplying 3, the 
denominator of the dividend, by 4 the numerator of the divisor : or we 

2 4 2x5 2 5 

see that ^ -r - « ^ — -. = « x j whence, without the trouble of bringing 

3 3x4 3 4 

* The apparent absurdity of speaking of subtracting a quantity only a 
part of a time arises from extending the application of Uie term 'division to 
mictions at all. 
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the fractions to a common denominator, yre can deduce the practical rule 
for the division of fractions, viz., " Invert the divisor, and proceed as in 
multiplication : ** the quotient obtained by this process will always give 
the number of times, or the fractional part of a time, that the divisor 
can be subtracted from the dividend without remainder. 

The same result may also be aijived at from the following considera- 
tions : suppose it is required to divide i by } ; here the question asked 
is, " How often can i be subtracted from ^, so as to leave no remainder P" 
this is the same thing as asking ** How often must i be added to itself to 
produce ^ ? " the number of additions in the latter being the same as the 
number of suhtractiona in the former case. 

Now i + J = } = i ; ».«• twice i = } : therefore the number of times 
that i can be subtracted from } will also be two, but ^ x f «; 2. Here 
again we obtain the required quotient by multiplying the dividend by 
the divisor inverted. 

This Illustration depends upon the self-evident consideration that the 
number of times the divisor must be added to itself to produce the 
dividend is the same as the number of times that the divisor can be 
subtracted from the dividend so as to leave no remainder. 

§60. When any whole number or fraction is divided by a proper 
fraction, the number of times or the fractional part of a time that the 
divisor can be subtracted from the dividend is called the quotient. But 
whereas in the division of whole numbers the quotient is always less 
than the dividend, on the other hand in the division of fractions, 
whenever the divisor is a proper fraction, the quotient will be ffreater 
than the dividend : e,g., 2-ri«2xfB8; that is i may be subtracted 
exactly 8 times from 2. Again, f-rf = fxjsjf, a fraction which is 
greater than the dividend f • 

§61. Some examples in the above rules are now ghen, worked out at 
length to exhibit the processes employed. - 

Ex. 1. Add together 16f, 6i, j|. 

Here ?f^ll ^.L^ 

^^""^ 14 4 ""14 66' 

and adding together the whole numbers separately, the expression 

becomes 15 + 6 + f + J + JJ. 

^ 6 1 11 40 + 14 + U 65 ^ 

^*^^ 7^4'^66" 66 "66"^**' 

therefore 15 + 6 + l^^a = 224^0. 
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i 4 JL of ^ 4- f . 

Ex.2. Reduce the expression - — ..,, . ^,\ / .. 1 ^.^ oa\ x 

Observe that when two quantities, connected by the sign of multipli- 
cation, are combined with others by the sign + or -, these quantities 
must be first multiplied together, and^ the result then added to or 
subtracted from the other quantities; for instance, the numerator of the 
given fraction means that to | is to be added the product of i and }, and 
to this again f is to be added; not that the sum of J^ -i- } is to be multi- 
plied by the sum of ^ -i- ^ ; for had this been meant, the expression 
would have been written (| + i) of {i + i), brackets being used, as they 
are in the denominator of the given fraction. We have therefore 

x^,ofll + 6i) + fofVs(7-2f)-i'x^,x6i'+4xAx4f-i 

6 + 1 + 10 
12 



^ 13 6 Jl^ 23 i 
13^Y'*"6^23^ 6"S 

la _ la 



a T 6 » e 

Ex. 3. Find the value of |lf + * o^ 3I - |l} •=" ^" •' 
The expression = {V + f ^ f x A - f x {} r Jf t 

627 + 1050 - 162 228 
466 ^ 306* 

■* 406 ^ 806* 

ExEacisE 6. 

1. Define a fraction; and bring to their lowest terms the fractions 

pea ««(! 6<fff8g ■ 

8 781 a**** 8T80»1«* 

2. Add together }, | and i of 1} ; and find whether f of { is greater 
or less than i of f • 

3. Multiply the sum of f of ^ and 1} by 1} of the difference between 
fi and i. 
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4. Shew that - — - — - lies between the greatest and the least of the 
3+6+7 ° 

fractions f , J, f . 

K T\' A 2 + 3 , 4 + 3J 
6. Divide - — - by = — -f • 

4 + 6 '6 + 6^ 

6. What fraction multiplied into the sum of f , 1^ and J| will make 
the product 3 ? 

7. Explain the rule for the multiplication of fractions. 

Multiply and divide f + i by 1 - i^, : find which of these results is 
the greater, and express their difference in its lowest terms. 

8. Reducef?.» + A.lof^Ut 

- - 1 ^ - 2 

9. Find the simple fraction equivalent to \» ^-tt- . ^-^ • 



2* - 1^ + 9 ^ 



11. Obtain the value of three-sevenths ot 



4f 



12. Find the value of 



»*L. 



13. Add together \, f, and i of f ; and explain the process. 

14. Add together 3^, 4|, 6^, f of i and i of } off. 

16. Shew that the value of a fraction is not altered by multiplying 
both numerator and denominator by the same number. Is the value of 
a fraction altered by adding the same quantity to both numerator and 
denominator? Express the fractions ^5, f and ^-^ by corresponding 
fractions which have the same denominator, and find their sum. 

16. Add together the fractions \% f^ and \^, 

17. Reduce to their simplest forms i - f ; and f - f . 

18. Prove that the sum of the fractions la^ and j- is equal to 6 
times their difference. 
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19. Find the simple fraction which is equal to the difference of 
I of 3| and i of 6^ 

20. Reduce the expression i of f of I + i of f of 1| + }. 

21. Determine, in its lowest terms, the continued product of $f, A^> 

ia.«i. of i# 

22. Find the value of ^l—iL^Lll ^ 1. 

L What is the exact value of |2f + S of ^^ - ^^j -f IgV. ? 



23. 



24. Find the difference between | — ? + 2 — .* and t — f - f— 



- - - - - - 6 JS 



25. Reduce to their lowest terms the fractions $ff and V^9^*. 

26. Reduce | of f + f of $ to a simple fraction. 

27. Find the sum of 1}, 2i, 3f : and divide the result by f of f of V- 

28. Explain why it is necessary before adding fractions to bring 
them to equivalent fractions having a common denominator. 

Add together f + f + f + A- 

29. What number added to the sum of f, 1^^ and H will make the 
sum total equal to 3 ? 

30. Add together f , f J, iVo> rf o» a^^d ^foo- 

171. 71- 

31. Reduce to simpler forms -^ , and r~ ; and find the quotient of 

the latter by the former. 

32. Explain the rule for the division of fractions ; divide the sum of 
f » it At V' ^y the difference between f and J. 

33. Add together 23-oVo» IrcVb* ^eoVo* and 28^o' 

34. Reduce (i^'^^J);(fs'i-o\ 

35. Find the simple fraction equivalent to 

1 ijj. ij^l «'3 «■"* 
2' 2 • 3 ' 4 * 6 • 

f of i - t ofi 



36. Find the value of 



AofA + Aofi* 
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§62. To reduce a given ptantUy or a fracHon of a given quantity to 
the fraction of another given quantity. 

In order to render the division of one concrete quantity by another 
concrete quantity possible, it is necessary that both should be in the 
eame denomination \ Therefore bring the proposed quantities into the 
eame (not necessarily the lowest) denomination; and then divide the 
quantity that is to be reduced by that to which it is to b^ brought to a 
fraction of: e^. Reduce 16s. 6d. to the fraction of £1. Here 16«. 5</. 
=: 197 pence and £1 » 240 pence. Therefore the 197 pence in 16«. ^d. 
are to be divided by the 240 pence in £1. : or \^ is the required fraction 
of £1. The reason for this is as follows : Since £1. contains 240 pence 
and 16s. 5d contains 197 pence, if the pound be divided into 240 equal 
parts and 197 of them be taken, these 197 parts will be represented by 
16«. 6d.\ but the fraction £if^ represents that the pound has been 
divided into 240 equal parts and 197 of them taken ; 
therefore 16«. 6d, « £\^. 

Ex. 2. Bring 3s. Ad. to the fraction of £1. 

3s. 4rf. = 3Js. = J^s. 
and £1 contains 20s. ; 

therefore -^-r20a_.x tt;^^ the required fraction of £1. 
o 3 20 D 

Ex. 3. Beduce 3 qrs. 141bs. to the fraction of a ton. 

3qr8. 141bs. « 3|qr8. = Iqrs., 
and a ton contains 20 x 4 qrs. ; 

therefore — x -— x - » -~— ton. 

*^ 2 20 4 160 

Ex. 4. Reduce 18s. „ ^d. to the fraction of half-a^crown. 

18s. „ %d. « 18|s. = ^s., 

and half-a-crown = |s. ; 

.1. * 66 5 66 2 112 ^ , ^ ,^ 

therefore ■s'-^ft^ "S-xt= tt = ' !«•» half-a-crown. 

o 2 o ID 

Ex. 5. Reduce f of 6s. to the fraction of 17s. „ 6J. 

f of 6b. = ^/s. 
and 17s. „ 6c?. = ^s. ; 

1/fe 2 3 13 
therefore -s-x^-rx-ioso^® required fraction of 17s. „ 6rf. 
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Ex. 6. Express 3 weeks, 4 days, 6 hours, as the fraction of a year of 

365} days. 

3 weeks, 4 days, 6 hours <= 25^ days = ^^ days, 

and the year consists of ^^^ days ; 
therefore i^ ^ ^A.^ = ^ of a year. 

Ex. 7. What fraction of £12. „ 7*. „ Qd. is J J of £3. „ 3«. „ 9d. P 
In other words, reduce }f of £3. „ 3s, „ 9d. to the fraction of 
£12. „ 7«. „ ed. 

l?af£3.„3«.„9rf. = -J-JxX3A-£Hx^. 

And £12. „ 7«. „ 6rf. = £12i = £^. ; 

therefore — x ^ x — = = - the reauired firaction. 

17 16 99 1x2x9 6 «^H""^** *«i.wuu. 

§63. Tojkid the value of a given fraction of any concrete quantity. 
It is only here necessary to multiply the given fraction by that num- 
ber which in whole numbers would reduce the denomination in which 
the fraction stands to the next lowest denomination : 0.^., find the value 

of f of £1. 

f of£lisf of20s.; 

therefore f x 20 = ^ = 13J«., 

and i of 1 shilling is | of 12 pence; 

therefore } x 12 = 4(7. ; 

therefore 13<. „ id, is the required value. 

Ex. 2. What is the difference between f-^ of £1 and ]\ of a guinea? 

3 

^ of a guinea « r| x ^X= ^. = 7«. „6rf. 

2 

Therefore difference is lOtf. 

Ex. 3. Find the amount of \ of £1. -f f of a guinea - f of 15«. 

^of20»6«. „8dL 
^ of 21 « 6s. 

Sum of these Is 12«. „ 8J. 
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4 6 20 
Subtract -^ of \^ or -- 8, or 6a. Sd. 

a O 



The required amount is 6s, 

i. ^ X 

Ex. 4. How many shillings should be given in exchange for ^ — ^ 
of a pound P 

3 "^4 12 ]_ ^ n]_ 

2+3 6 2 
and ^ of 2(^. s 14a. 

Ex. 5. Out of £4}. one^third is paid to A and one-seTenth to B; 
after this ^^^ths of the remainder is paid to A, and the rest to B ; find 
the sums respeetiyely received by A and B. 

£f 9, d, 

3) 4 „ 7 „ 6 

*■■ ■■ ■!■— ^■^MM i»^^^ 

£1 „ 9 „ 2, the first sum paid to A. 

£. 8* d, 

7 )4„ 7„6 

12 y, 6y the first sum paid to B, ; 

therefore £2. „ la. „ Sd. being paid away, there was (£4. „ 7a. „ 6d,) 
- (£2. „ la. „ Sd.) «» £2. „ 58. „ lOd. left as remainder. 

And fi X (£2. „ ^^* »» lOd.) « 4 x (4a. ^ 2d.) = 16a. „ Sd., the second 
sum paid to A. 

Therefore (£2. „ ds. » lOd.) - (16a. „ Sd.) is all the rest, which is 
£1. „ 9a. „ 2d., the second sum paid to B. 

Therefore £1. „ 9a. „ 2d. + 16a. „ Sd. = £2. „ 58. „ lOd,, sum received 
by ^ ; and 12a. „ 6d. + £1. „ 9a. „ 2d. = £2. „ la. „ Sd., sum received by B. 

Ex. 6. From J of } of a penny subtract i of ^ of ^ of a shilling. 

1 £ 5j-^ 2^ 1^ 
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Ex. 7. Compare the values of ^^ of a pound, 3^ of a shilling and xi? 
of a guinea. 

9^e of a pound is 9^ of 20«. b /^s. 

xla- of a guinea is xH o^ 2I5. = A*- 
Therefore reducing to a common denominator the fractions /^s,, ^^a,, 
A«., they become respectiyely x%«., A\*«> i%«»> aod the comparative 
values of the given fractions are as 30, 28, 27. 

Exercise 7. 

1. What fraction of a pound is 19«. „ Hid.? Give the reasons for 
the method employed. 

2. If 26 francs are equivalent to a pound, what fraction of a shilling 
is a franc P 

3. Find the value of the sum of the following frtu^tions : 

£(i + i), a + f >., (i + i)d. 

4. What fraction of 13«. „ ^Id. is 17«. „ 9d. ? 

5. From f of a pound sterling take J^ of { of a shilling. 

6. What fraction of 7 weeks is f of a day P 

7. Keduce i of Is, to the fraction of a crown. 

8. Add together f of £15., i of ^ of f of £l. „ 12«., and f of 3d. 

9. What fractional part of £1. „ 6$. „ 3d, is I5s, „ 9d, P 

10. Eeduce 24 days, 2 hours, 8 minutes, to the fraction of a month of 
30 days. 

11. What fraction of 158. „ l^d, is 28. „ 2f J. P 

12. What fractional part of three guineas is half-a-crown, and how 
much is s^ of a day P 



13. Add together i of a shilling, f of a crown, f of a guinea, 

14. Reduce 20 feet, 7^ inches to the fraction of a mile. 

15. What part of £20. is half-a-guinea, and how much is f| of a cwt P 

16. Compare the values of H of a pound, f} o^ & guinea, and 3x4} 
shillings. 



VULGAR FRACTIONS. 71 

17. What fractions of a pound are ^ of a penny, and H of a guinea 
respectively? 

18. Subtract i of 3«. „ 2id. from ^ of f of a crown. 

19. Find the value of the sum of f of £ of £1. and | of f of Is. „ ed. 

2 

20. What is the value of of £2. „ IOa. ? 

21. What is the value of |i| of £l. P 

3 + i 

22. Compare the values of /^ of £1., f} of a florin, and 5^ of a guinea. 

23. What fractional part of a pound is li«. + {f of f x J r A} of a 
shilling? 

13^ 

24. What is the value of f of J of —jSL of a ton ? 



25. What fraction of a mile is 27 yards, 1 foot, 6 inches ? 

26. Bring f of an ounce troy to the fraction of a lb. troy ; also to the 
fraction of a lb. aToirdupoise. 

27. Bring ^^ of a day to the fraction of a week, and find the value 
of ii of an hour. 

28. Find the value of \^ii±i3^ of ?i^ of } of a square foot 

i + f-t + H 4f 

29. Reduce ^^^ ]^ 'a^\^ ^ * of f of | of a rod to the fraction of 
a furlong. 

30. What fraction of /^ o^ a quarter is , ^ . Ix •=■ ^ A of a peck ? 

la + e 01 4 

31. Bring (^-ll^t^ + ?|) -r 21ff of 3 ^0^^ cwt. to fraction of 4| ton. 

32. Bring 2|f ton to the fraction of a quarter; and nVe of a mile to 
the fraction of a yard. 

33. Find the value of A of =-^ of a square foot. 

i + i 

34. WhatfiactioD ofa mile represents the same length as f of an inch? 
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CHAPTER VII. 

DECIMALS. 

§64. From the law of notation, we see that in the ordinary decimal scale 
the value of any digit decreases in a tenfold degree for each place that it 
advances towards the right hand. Thus in the number 222 the 2 in the 
place of tens, which represents 20, is a tenth of the 2 in the place of 
hundreds, which, represents 200 ; while the 2 in the place of units is a 
tenth of the 2 in the place of tens. 

Now if we assume that this law shall hold good for positions to the 
riffht hand of the units place, we shall have the great advantage of being 
able to deal with fractions of a certain kind in precisely the same 
manner that we deal with whole numbers. These fractions will be 
tenths, hundredths, thousandths, &c: that is, they will he fractions which 
must always hate ten, or some power of ten for their denominators. Such 
fractions are called Decimals, We shall in this manner have a decimal 
scale of notation extended below unity, thus : 

to ^ 

-a 3 



-9 _ ^ ^ -5 i 



g I , ?> « 

i § i -a I § J 



S J^ ^ ^ £ 

4 3 2 12 3 4 
It will only be necessary in writing whole numbers together with 
fractions of this peculiar kind, to mark clearly which figure is meant to 
stand in the place of units, and then the principle of local value will 
determine the relative magnitude of each of the figures standing to the 
right of the units' place. It is customary to put a full stop, (a comma is 
sometimes used,) after the figure in the units place. This is called the 
decimal point, and indicates that while all the figures to the left of it 
are ordinary whole numbers, all the figures to the right of it are decimal 
fractions. If there be no whole numbers, yet a decimal point may be 
written and figures may follow it, and thus decimal fractions may be 
expressed either with or without whole numbers. Also every figure 
standing on the right of a decimal point is called a decimal place. 
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The adTantage derived from this simple developement of the law 
regulating the local value of digits is very great, for by it we are able to 
deal with the most minute fractions with as much ease as we can with 
whole numbers. 

Although it is true that we can by this method only express fractions 
which have ten or some power of ten for their denominator, yet we shall 
see, as we proceed, that we can in every case either reduce any given 
vulgar fraction to a decimal fraction exactly equivalent to it, or can at 
least find a decimal fraction which shall approximate to the given vulgar 
fraction so closely, as to differ from it by less than any given quantity. 

This will be more fully explained when we come to the conversion of 
vulgar fractions into decimals, and to repeating or circulating decimals ; 
we will now only explain that when any vulgar fraction can be exacliy 
expressed by a decimal, that decimal is called terminate or finite; 
whereas, when it cannot be exactly so expressed, the decimal is called 
interminate or infinite. 

§65. To express any finite decimal as a wdgar fraction. 
Since *456 means 4 tenths, 5 hundredths, and 6 thousandths, we see 
that 



•456 


4 

-0 + 


5 6 
100 ■'' 1000 




400 ^- 50 + 6 




luuo 




456 





lUOO 
Similarly *007009 means 7 thousandths and 9 millionths ; hence, 

•007009 a — + — ^ — 
1000 ^ 1000000 

7000-1-9 
" 1000000 

7009 
" 1000000 

Hence any finite decimal may be at once express,ed as a vulgar 
fraction hy writing the given decimal as a whole number {i.e. writing it 
without the decimal point,) for the numerator of the vulgar fraction ; 
and writing for the denominator 1 followed by as many ciphers as there 
are decimal places in the given decimal. 

L 
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Again, since 37*89 means 37 integers together with 8 tenths and 9 
hundredths, 

37-89 = 37 + -+ ^ 



.56 = '^ 
100 




560 = ""^ = 
1000 


56 
100' 



10 100 

Q^ 89 

= 37 + — 
100 

3789 
100 

Whence we see that an expression consisting of whole numbers 
followed by decimals may be expressed, in a precisely similar manner, as 
a vulgar fraction. 

§66. Since we have explained that a decimal such as *56 means 

5 tenths and 6 hundredths, it will follow that *560 means 5 tenths 

6 hundredths and no thousandths; where the addition of the cipher to 
the right hand has made no alteratioti in the value of the decimaL 

In fact 

and 

from which we see that by adding a cipher to a decimal fraction, we 
only multiply both numerator and denominator by 10, and consequently 
do not alter the value of the decimal at all. Whence we deduce that 
the addition of any number of ciphers to ihe right hand of a decimal does 
not in any way alter its value. 

But if we place a cipher before the other figures of a decimal, and 
instead of '56 write *056, we see that by this we alter the position and 
therefore alter the value of every successive figure ; that the tenths have 
become hundredths^ and the hundredths have become thousandths ; and 
that the value of the decimal has been decreased ten-fold. 

So that, exactly contrary to what happens in whole numbers, the 
addition of ciphers to the right does not alter the value of a decimal ; 
the addition of ciphers to the left does alter the value by decreasing the 
value of the decimal ten-fold for every cipher added. 

§67. We infer from this that as the value of a decimal is decreased 
ten-fold for every cipher added to the left hand, we do in fact divide a 
decimal by 10, by 100, by 1000, &c., as we shift the decimal point one, 
twoy three, &c. places to the left ; and that conversely by shifting the 
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decimal point one, two, three, &c. places to the right, we multiply the 
decimal by 10, by 100, by 1000, &c. For instance, the expression 56*789 
is divided by 10 if written 6-6789, is divided by 100 if written -66789, 
and is divided by 1000 if written .066789; whereas the expression 
•007023 is multiplied by 10 if written -07023, is multiplied by 100 if 
written -7023, and is multiplied by 1000 if written 7*023. 

§68. To read off, or express in words decimal fractions, read the 
decimal figures as if whole numbers, and to the last figure add the 
name of its order, determined by the place it occupies : thus '734 is read 
seven hundred and thirty-four thousandths ; 

68-64327 is red^^ fifty-eight, together with sixty-four thousand three 
hundred and twenty-seven hundred-thousandths ; 

'080906 is read eight thousand nine hundred and five millionths. 

Ohs, Much confusion would be avoided by beginners if they would 
bear in mind that decimals sxe fractions, although fractions of a peculiar 
kind ; and that whereas in vulgar fractions the denominator may be any 
number whatever, (because a vulgar fraction is explained to arise from 
the division of unity into any number of equal parts,) and consequently 
it is necessary in every case to write the denominator at full length, in 
finite decimal fractions on the other hand we can at once read off the 
denominator by inspection, and therefore we are not obliged to write it 
at length. Still, in all operations into which decimals enter, it must be 
remembered that we are only dealing with fractions with suppressed 
denominators. 

Ohs, The peculiar advantage of employing decimal fractions arises from 
this, that as such firactions are expressed by an extension of the ordinary 
denary scale of notation, the addition, subtraction, multiplication and 
division of such fractions will be performed by processes the same as in 
ordinary whole numbers, with only additional rules for placing the 
decimal points in the results. Again, we can at once compare such 
fractions, i,e, can tell which is the largest and which the least with the 
same ease as in whole numbers, since there is no difficulty in the reduc- 
tion of decimals to a common denominator. 
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Exercise 8. 

1. Define a decimal fraction; and explain how the principle of local 
value may be extended to find the value of such fractions. 

2. Explain the advantages of decimal fractions. 

3. Express in words the following decimals and mixed numbers : 

•283, -5321, '74895, '821066, 27*8354, 34*0009, 43*101007. 

4. In the following mixed numbers write the iractional part in 
decimals' 53^* 4T ^^ > «-«&-. 1 * . *Al0iUL, a5l.3.iA*l. 

Q iJiSLSiStl 

''lOOOOOOOOO' 

5. Express as vulgar fractions -7; -07; -007; -000007; '327; 3'27; 
32'7 ; -45697 ; 456-97 ; -893 ; -0000893. 

6. Express as decimal fractions the following: seventy-three thou- 
eandthei one hundred and ninety-seven ten thousandths \ one milliotith' 
two hundred and sixty-one hundred thousandths; one thousand and one 
ten miUionths. 

7. Express as vulgar fractions in their lowest terms : *5; *25 ; '75 ; *125 . 
•05; -025; -2; -002; -375; -0635; -005005; 47-256. 

8. Multiply -379 successively by 10, by 100, by 1000. 

9. Divide -0703 successively by 10, by 1000, by 10000. 

10. Show that the value of a decimal fraction is not altered by the 
addition of ciphers to the right hand. 

11. Express as vulgar fractions in their lowest terms, -365; -125; 
•0035; -012; 1-75; 8-3626. 

12. Multiply each of the quantities -0007453, 48-95621, and 
8-76430071 successively by one thousand, by ten thousand, and by one 
hundred thousand ; and divide each of 631-674, 000317 and 902030401 
successively by one million, by ten million, and by one hundred million. 
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CHAPTER VIIL 

ADDITION, SUBTBACTION, MULTIPLICATION AND DIYISION OF DECIMALS. 

§69. Decimals, or integers and decimals mixed, may be added 
together precisely as in whole numbers, care being taken so to arrange 
the figures that all the decimal points fall exactly under one another. 
This will ensure that tenthg fall under tenths, hundredth* under hun- 
dredths, &c. The reason of this arrangement will appear from the 
following consideration : if this rule were not observed, tenths would fall 
under hundredths, or hundredths under thousandths, as the case might 
be ; and we should be attempting to add together fractions which had 
not common denominators. But if we arrange the decimal points all 
exactly beneath one another, tenths fall under tenths, hundredths under 
hundredths, &c. ; in other words, by so arranging them we at once bring 
the several fractions to a common denominator, and can proceed to add 
them together. The decimal point, in the answer, will fall exactly 
beneath the decimal points in the quantities to be added. When the 
sum of any figures exceeds 10, 20, &c., carrying to the next denomination 
will be performed exactly as in whole numbers, whether the given 
quantities are all decimals or are mixed integers and decimals. For as 
the value of each figure decreases tenfold as we proceed from left to 
right, the rules of ordinary addition are immediately applicable. 

For instance, let it be required to add together the following 

quantities -5, -06, '007 ; also -8, -78, -678 ; also 3007, 42-6, 5-3975 : 

arranging these severally with the decimal points beneath one another, 

we have *5 

•06 
'007 

•567 
where it is obvious that the sum of 5 tenths, 6 hundredths and 7 thou- 
sandths must be expressed as '567 ; 

in the next instance, '8 

•78 
'678 

2-258 
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we see, after writing in the answer 8 in the place of thousandths^ that 7 
hundredths and 8 hundredths added together make 15 hundredths \ but 
15 hundredths are 1 tenth and 5 hundredths \ writing 5 in the place of 
hundredths, and carrying one to the place of tenths, we obtain 22 tenths \ 
but 22 tenths are properly written as 2 integers and 2 tenths. 
Again, where integers and decimals are mixed, 

3-007 
42-6 
■3975 

46-0045 

writing 5 in the place of ten thousandths, the sum of 7 thousandths and 7 
thousandths is 14 thousandths; writing 4 in the place of thousandths, and 
carrying 1 to the place of hundredths, we obtain 10 as the sum in the 
hundredths place ; but 10 hundredths are 1 tenth ; carrying 1 to the place 
of tenths, we have 10 tenths ; but as 10 tenths are one unit, we carry 1 to 
the place of integers, and write 6 in the place of units, and 4 in the place 
of tens. 

We might show the correctness of these results by writing the gi^en 
decimals as vulgar fractions, and finding their sum in each instance by 
the rules of addition in yulgar fractions; e.g, 

•5 + -06 + -007 = :^ + ^ + 



10 100 ■ 1000 
500 63 



1000 1000 1000 

567 
"lOOO 

= •567 

« ..o «^o 8 78 678 
•8 + -78 + -678 = — + — + 

800 78 678 



1000 1000 1000 
2258 



1000 
2-268 
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c^^^ .o. .^«. 3007 426 3975 
3-007 ^ 42-6 , .3975 = _ . — + j^ 

30070 + 426000 + 3975 
10000 

460045 
10000 

= 460045 

§70. In subtraction of decimals, or of integers and decimals mixed, 
for reasons precisely similar the decimal points must be arranged to fall 
exactly beneath one another; and then the smaller quantity can be 
subtracted from the larger in the same manner as in whole numbers, 
thousandths being taken from thousandths^ hundredths from hundredths^ 
tenths from tenths. The decimal point in the answer will fall exactly 
beneath the decimal points in the subtrahend and minuend. If the 
number of figures in the subtrahend should exceed the number in the 
minuend, ciphers may be added (or supposed to be added) to the right 
of the decimal figures in the minuend, as this will not alter the 
value (§66), and the subtraction may proceed as in whole numbers. 

For example, let it be required to subtract *7d6 from *897 ; and *8765 
from '93 ; and *907 from 37*6 ; arranging these with the decimal points 
beneath one another, and subtracting as in whole numbers, we hate 

•897 
•756 



•141 



where the difference between 6 thousandths and 7 thousandths is 1 thoti* 

sandth, between 9 hundredths and 5 hundredths is 4 hundredths, between 

8 tenths and 7 tenths is 1 tenth. 

Again, writing '93 as *9300, and subtracting as in whole numbers, 

we have 

•9300 
'8765 

•0535 
Also, in the third instance, 37*6 may be written 37'600> and we have 

37-600 
•907 

36'693 
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These results may also be proved by vulgar fractions as follows : 

^.^ 897 756 



ovt - 


iU\3 


1000 


1000 






141 








1000 








= •141 




•93- 


•8765 


93 
100 


8765 
10000 






9300- 


-8765 






10000 






635 








■" 10000 








= -0535 




37-6 


-907 


376 
10 


907 
1000 






37600 


-907 






1000 


/ 




36693 





1000 
= 36-693 



§71. MuUiplication of DecimalB, 

We have stated that for every place we shift the decimal point to the 
right, we increase the value of the decimal ten-fold; for every place we 
shift it to the left, we decrease the value ten-fold. Now in multiplying 
two decimals together, since the law of local value holds with regard to 
the digits composing the decimals, the process of multiplication will be 
performed exactly as in ordinary whole numbers; the only matter 
requiring consideration will be the proper position of the decimal point 
in the product. 

Let it be required to multiply 18*56 by 1*932. 

If we shift the decimal point to the right in the multiplicand two 
places, and in the multiplier three places, so that both become whole 
numbers, we shall thereby increase the multiplicand 100-fold, and the 
multiplier 1000-fold. 

Hence the product we shall obtain will be 100000-fold too great. 
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Therefore in this product we must mark oSJive decimal places, or 
shift the decimal point^od places back to the left ; this will divide the 
product by 100000, ai)d give the correct result. 

But if it be required to multiply '1856 by *01932, by shifting the 
decimal point to the r^ht in the multiplicand four places, and in the ' 
multipliers/foe places, we shall increase the multiplicand ten thottsand 
Joid, and the multiplier an hundred-thousand fold, and shall obtain a 
product a thousand mUlion times too great. We must therefore divide 
that product by 1000000000, or must shift the decimal point nine places 
to the left, in order to obtain the correct result. 

Hence we deduce the following practical rule for the multiplication of 
decimals : Multiply the decimals together as in whole numbers ; and point 
off in the product as many decimal places as there are in the multiplier 
and multiplicand together ; prefixing ciphers, tf necessary, to the left of 
the product. 

The process wiU stand as follows : 

18*56 
1-9 32 

3 712 
5568 
16 704 
18 56 



and in the second instance 



35-85 7 92 



•1856 
-01932 



3712 
5568 
16704 
1856 



•003585792 
The correctness of these results may be proved by vulgar firactions ; 
for writing 18-66 as \\^^ and 1-932 as {^f}, and multiplying these 
vulgar fractions together, we have 

3585792 
100000 

= 35-85792 

M 
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Again -1856 x •01932 = -- — • x 



lOUuU lOOOOO 

3586792 
"* 1000000000 

s •003685792 

§72. Division of Decimals, 

Let it be required to diWde 30*286 by 6*73. 

By shifting the decimal point to the right in dividend and divisdr so 
as to turn both into whole numbers, ve increase the dividend 1000-fold, 
and the divisor 100-fold. The former of these alterations will have the 
same effect as multiplying the quotient by 1000, the latter the same as 
dividing it by 100; so that the quotient will be 10 times too great, and 
must be further divided by ten, i.e, otie decimal place must be pointed 
off to give the correct result. 

Had it been required to divide 302*86 by 6*73, where there is the 
satne number of decimal places, in both dividend and divisor, by shifting 
the decimal points so as to make both whole numbers, we should 
increase the dividend 100-fold, and the divisor 100-fold; this would not 
affect the value of the result, and the quotient would be a whole number, 
requiring no decimal point at all. 

K the given quantities had been 302*85 and *673, so that there had 
been fewer decimal places in the dividend than in the divisor, by con- 
verting both into whole numbers we should have increased the dividend 
100-fold and the divisor 1000-fold. This would have decreased the 
quotient 10-fold, and to obtain the correct result we should have had to 
multiply/ the quotient by 10. 

We can hence determine the following practical rule for the division 
of decimals : 

Divide as in lohole numbers, and point off in the quotient as many 
decimal places as the decimal places in the dividend are in excess over those 
in the divisor.* 

* This may be explained from a different consideration as follows : 
From the multiplication of decimals we know that the number of 
decimal places in the product is equal to the number in the multiplier and 
multiplicand together. Now the dividend is equal to divisor ^ quotient ; 
hence the number of decimal places in the dividend must equal those in 
the divisor and quotient together; therefore the quotient must have as 
many decimal places as there are decimal places in the dividend in excess 
over those in the divisor. 
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It is important here to remember that if the number of figures in the 
quotient should be too few to allow Us to mark off the required excess of 
decimal figures In the dividend over those in the divisor, we can still 
obtain the correct result by adding ciphers to the left, and prefixing the 
decimal point. 

If the number of decimal places in the dividend and divisor be the 
same, th^e is no excess to point off^ and the quotient is a whole number. 

If the number of decimal places in the dividend be fewer than in the 
divisor, there will be no decimals to mark off, and ciphers must be added to 
the right of the quotient to make up the difference. 

Hence the only cases which can possibly occur are the following four : 

1. When the number of decimal places in the dividend exceed those 
in the divisor, and there are figures in the quotient sufficient to allow us 
to point off the excess. 

2. When the number of the decimal places in the dividend so far 
exceed those in the divisor that there are not figures in the quotient 
sufficient to enable us to point off the excess; here ciphers must be 
added to the quotient to the le/L 

3. When the number of decimal places in the dividend and divisor is 
the same, and the quotient a whole number. 

4. When the number of decimal places in the dividend is less than 
the number in the divisor : here ciphers must be added to the quotient to 
the right. 

The operation in each case will stand as follows : 



1. Divide 30-285 by 6-73. 



6-73) 30-285 (4-5 
26 92 

3 365 
3 365 



2. Divide -30285 by 67-3. 



67-3) -30285 (-0045 
2692 

3365 
3365 
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3. Divide 302-85 by 6-73 

6-73) 302-85 (45 
269 2 

33 65 
33 65 

• « • • 

4. Divide 3028-5 by -673. 

•673) 3028-5 (4500 
2692 

336 5 
336 5 
• • • • 
In each case the accuracy of the result may be tested by vulgar 

fractions as follows : 

80285 673 
30.285^6-73. ^^jL 

30285 100 
'^ 1000 ^ 673 

45 
''lO 
»4-5 

30285 673 



•30285 T 67-3 = 



100000 • 10 
30285 10 



302^85 T 6-73 = 



100000 673 

45 
10000 
•0045 

30285 . 673 

100 "100 

80285 100 

* 100 ^673 

b45 

30285 --673 = ?????-^ 

80285 1000 
" 10 ^ 673 
«4500 
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§73. It sometimes happens that the division does not terminate, and 
ve haye then to add ciphers to the right of the dividend ; as this does 
not alter the value of a decimal, we can add ciphers at pleasure, or may 
continue the division as if the number of ciphers were without end, only 
taking care to count every cipher used as an additional decimal place in 
the dividend. In this manner we can continue the division till the 
remainder is 0, when the division termmates : or we can carry it on till 
the remainder is a fraction so small as to be inconsiderable. In practice, 
unless greater accuracy should be ;especially required, it is seldom 
necessary to obtain more than 4, or at most 5, decimal places in the 
quotient. It is also always advisable not to advance far in a case of 
interminate division without fixing the position of the decimal point in 
the quotient ; but rather as soon as sufficient figures have been brought 
down to make an excess of decimal places in the dividend over those 
in the divisor, at once to establish the decimal point in the answer, and 
then to continue the division as far as may be requisite. 

Bequired to divide Id'd by '04. 

•64) 16*fiOO0O0O (84*21875 
12 8 

270 
2 66 

140 
128 

120 
64 

660 
612 

480 Required to dii^de 1 by 'H* 

448 -n) 1*000000 (6*8823, &e. 

1^ -^ 

320 160 

TT. 136 

140 
136 

40 
84 

60 

Jl 
9 
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Now to find the real value of the remainder at any step, we must 

notice from what places in the dividend the figures in the remainder 

proceed. We see at once that the last remainder is not 9 units : its real 

value will perhaps be most easily perceived if we exhibit the process at 

length as follows : -17) 1*000000 (5-8823, &c. 

'85 

•150 
•136 



•0140 
•0136 

•00040 
•00034 

•000060 
•000051 

•000009 
Hence we deduce that the value of the remainder at any step depends 
upon the number of decimal places used in the dividend: i.e. that the 
remainder will contain as many decimal places as there have been 
decimal places brought down from the dividend. 

I^we express the value of the last remainder as a vulgar fraction, it 
will be 9 ^ n_ 9 

1000000 • 100* ®' 170000 

§74. In the multiplication and division of decimals, when the number 
of decimal places given is large, and yet accuracy not required beyond 
4 or 5 decimal places in the answer, the labour of extended multipli- 
cation and division may be avoided by a contraction of the ordinary process. 
Accordingly we shall here set the contracted form side by side with the 
ordinary process, and then explain the method of performing the operation. 

Let it be required to multiply '456798 by *23456 correctly to Jive 
decimal places in the answer. 

Contracted Form, 



•456798 
•23456 

•09136 

1370 

183 

23 

2 

•10714 



Ordinary Process. 
'456798 
•23456 

2740788r 
2283990 
1827192 
1370394 
913596 

•10714653888 
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To explain the contracted method, obserre that it makes no difference 
whether we multiply by the extreme left hand or the extreme right hand 
figure of the multiplier first, provided we establish the decimal point in 
its right place, and keep the other rows of multiplication in their proper 
order. We will therefore commence multiplying by the 2, the extreme 
left hand figure of the multiplier. Next, since multiplying/our decimal 
figures by one decimal figure will give nsjive decimal places in the result, 
and it is only required to obtain five places in the answer, it will suffice 
in this case to begin multiplying the 2 into the 7, which is the fourth 
figure of the multiplicand. We must howeyer carry from the product 
of the rejected figures ; (always carrying to the first figure set down in 
each row of multiplication as many units as are equal to the nearest 
number of tens derived from the multiplication of the last two rejected 
figures of the multiplicand.) Hence the process will be, — ^twice 8 is 16; 
twice 9 is 18, and 1 is 19 ; but 19 is nearer to 20 than to 10, therefore 
carry 2 ; then say twice 7 is 14, and two, 16; set down 6, and finish the 
line of multiplication in the ordinary way. To establish the decimal 
point, observe that as four decimal figures have been multiplied by one 
decimal figure, there must be 5 decimal places in the result; therefore 
add a cipher and prefix the decimal point. For the next row multiply 
by 3, rejecting this time 7 also from the multiplicand, but carrying 2, as 
the number of units equal to the nearest number of tens derived from 
the multiplication of the rejected 9 and 7 ; 3 times 6, eighteen, and two, 
20; place the under the last figure in the upper row of multiplication, 
and finish the line in the ordinary way. Rejecting every time one 
figure from the multiplicand, in the next row multiply the 4 into the 5, 
carrying 3; (for 4 times 7 is 28; 4 times 6, twenty-four, and 2, twenty-six j 
and 26 is nearer to 30 than to 20 ; so carry 3.) In the next row for a 
similar reason 3 has likewise to be carried ; and multiplying 5 into 4 and 
carrying 3, we obtain 23. In the last row 6 times 4 is 24, of which the 
2 only is set down. These rows added together as they stand will give 
the required product correct to 5 decimal places. 

Care must be taken to fix the decimal point correctly in the first line ; 
and when possible to obtain the exact number of decimal figures which 
is required in the answer. 

Let it be required to multiply *007853 by *00476 correctly to seven 
decimal places. 



88 
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•007853 
•00476 



•0000314 

55 

4 



•0000373 

In this case the 4, -which is the third decimal figure of the multiplier, 
multiplied into the 8| which is the fourth decimal figure of the multipli- 
cand, gives seven decimal places, the number required in the answer. 
The carrying from the refected figures must always be remembered. 

Especial care must be taken, when there are whole numbers in the 
multiplier or multiplicand, that the decimal point be correctly established 
in the first line ; and sometimes there will not be in the first or second 
row of multiplication as many decimal figures as are required in the 
answer: as in the following example, where the required number -of 
decimals will not occur until the third row: 

Let it be required to multiply .00579 by 379©^8 correctly to four 

decimal places: 

•00579 
3796-8 

17-37 
4053 
•5211 
347 
46 

21-9834 
The method of performing contracted division may be best seen from 
the following examples: let it be required to divide 2-569141797 by 
7*5284 correctly to Jive places of decimals : 



Common Method. 
7-5284) 2-569141797 (-34126 
2 25852 


Contracted Method. 
7-5284) 2-569141797 (-34126 
2 25852 


310621 
301136 


31062 
30114 


94857 
75284 


948 
752 


195739 
150568 


196 
150 


451717 
451704 


46 
45 



13 
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In the contracted form, after the first figure in the quotient has been 
found in the usual manner, and the first remainder obtained, instead of 
bringing down the next figure, cut off from the divisor the extreme 
right hand figure, and divide by the remaining figures. At each 
successive step in the division cut off another figure from the right hand 
of the divisor, and continue the division with the remaining figures. It 
is necessary however to carry from the rejected figure ; therefore always 
carry to the first figure to be set down that number which is equal to 
the nearest number of tena arising from the multiplication of the quotient 
figure into the figure last cut off from the divisor. 

It will be observed in this process that by thus cutting off a figure at 
each step from the decimal divisor, we do not alter the relative value of 
the figures which are left. Hence it is allowable to reject these super- 
fluous figures, and only employ just so many as will produce in the 
quotient the required number of decimal places. Confusion however 
will be created unless care be taken to establish as soon as possible the 
position of the decimal point in the answer. 

Let it be required to divide 3 by .643528 correctly to Jive places of 
decimals. 

In this case, as there are more figures in the divisor than are required 
in the quotient, we may at once cut off the 8, the extreme right hand 
figure of the divisor, carrying however from the multiplication of 4 into 
8, and saying 4 times 8 is 32, carry 3; 4 times 2 is 8, and 3 is 
11, &c., &c. 



Common Method, 

•643528) 3*000000 ('46618 
2 574112 

4258880 
3861168 



3977120 
8861168 

1169520 
643528 

5259920 
5148224 

1 11696 



Contracted Method, 

'64352,8) 3-00000 (-46618 
2 57411 

42589 
38611 ^ 



3298 
3861 

117 
64 



53 
51 



Let it be required to divide -197241937 by -254 correctly to Jive 
places of decimals. 

N 
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In this case we shall not he ahle to use the contracted form at first, 

as there 9xe fewer figures in the divisor than are required in the quotient. 

We must therefore perform the first three rows of division in the 

ordinary way, or we should not ohtain 6 figures in the quotient: after 

that, instead of bringing down more figures, we can proceed in the last 

two tows by the contracted method : 

•254) -197241937 (-77664 
1778 

1944 
1778 



1661 
1524 

137 
127 



10 
10 



EXEBCISE 9» 

1. Add together the following decimals : 

1. -0103, -205, -36997, -008. 

2. 2-63, -263, -0263, -000263. 

3. 516-3, 36-51, 1-563,-03661. 

4. -01, 3-001, 0-1, -30103. 

2. Subtract 

1. 3-07 from 6-501, 

2. 2*9989 from 3. 

3. -0090806 from 39-857. 

4. '876534 from 1*21314. 

3. Multiply together the following, proving the result by vulgar 

fractions : 

1. -0027 by -014. 

2. 32-56 by -00467. 

3. -764 by 3-66. 

4. •0089 by -652. 
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6. -305687 by03024. 

6. -007853 by '00476. 

7. 36-0645 by 281-315. 

8. 5-76305 by 101-746. 

4. Divide, proying in each case the accuracy of the result by vulgar 
fractions : 

1. 17-084592 by -024. 

2. 1237-0519 by -5425. 

3. 762-161 by -00325. 

4. 66-25 by -0046. 
6. -019 by 190. 

6. 1-95 by -00013. 

7. -03679 by 2-83. 

8. 165-434 by 36-2. 

9. -027472 by 3-434. 

10. 17-171717 by 343-4. 

11. 3 by -876 to 3 places of decimals. 

12. 7 by 796 '3 to 5 places of decimals. 

5. Find by contracted moltiplication the product of 

(1) -01245 by *825 correct to six places of decimals. 

(2) 37*06205 by -34005 correct to Jive places of decimals. 

(3) 33-166248 by 1*4142136 correct to/t70 places of decimals. 

(4) -27056 by -37025 correct to six places of decimals.. 

6. Find by contracted division the quotient, correct to Jhe places of 
decimals of 

(1) 1-6866591 by -4471618. 

(2) 85-648825 by 6-321. 

(3) 6001-58373 by 1732-508. 

(4) 7-2117662 by 2-257432. 
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CHAPTER IX, 

REDT7CTI0N OF DECIMALS. 

§75. To explain how to reduce a vufyar fraction to a decimal, toithotU 
aUering its value. 

Since a decimal fraction must have 10 or some power of 10 for a 
denominator, if we take some fraction not a decimal, e.g. s^» &nd 
endeavour to convert it into a decimal, we shall have to find means of 
altering its denominator into 10, 100, 1000, or some other power of 10. 

Now if we multiply the numerator and denominator of the given 

fraction hy 10, hy 100, by 1000, &o., we shall obtain a series of fractions, 

▼ia* 8ao» sWo* 820001 &C'; each of which will be equal to f^ ; but each 

of whose denominators is exactly divisible by 32, with quotient 10, 100, 

1000, &c. If therefore any one of the nutMratare 90, 900, 9000, &c., 

be exactly divisible by 32, we can convert that fraction whose numerator 

and denominator are both exactly divisible by 32, into a fraction having 

some power of ten for its denominator, i,e, into a decimal fraction. We 

must now try by actual division which is the first of the numerators 90^ 

900, 9000, &c., which can be divided by 32 without remainder. 

32) 90 (2 3 

64 

26 



32) 90000 (2812 
64 

260 
256 

40 
32 



bO 
64 

16 



900 (28 


32) 9000 (281 


64 


64 


260 


260 


256 


256 


4 


40 




32 




8 




32) 900000 (28125 




64 




260 




256 




40 




32 




80 




64 




160 




160 


• 


• • • 
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We find upon the fifth trial that 900000 is divisible by 32 without 
remainder. Whence we have 

9 ^ 900000 ^^8m^ 

32 3200000 100000 . 

Now in practice we need not write down all these trial divisions 
separately; for the last case contains all that went before. It will 
therefore be sufficient to divide the numerator by the denominator, 
placing a decimal point after the numerator, proceeding as if the number 
of ciphers were without end, and pointing oS as many decimal places in 
the quotient (by the rules of ordinary division) as ciphers have been 
used in the division. 

The practical method, deduced from the above considerations, will 
be as follows : 

Let it be required to reduce j^^ to a decimal fraction. 

16) 7-0000 (-4375 Ans. 
64 

60 
48 

120 
112 



80 
80 



§76. When a vulgar fraction can be exactly expressed as a decimal, 
the result is said to be a terminating decimal ; but it is not every vulgar 
fraction that can be reduced, to a terminating decimal. For if the 
denominator of the given vulgar fraction when reduced to its lowest 
terms should have other prime factors than 2 or 5, then that vulgar 
fraction cannot be exactly expressed as a decimal. 

The reason for this is as follows : 2 and 5 are the prime factors of 10 ; 
i.e. are the only numbers that divide 10 without remainder; and by 
annexing ciphers to the numerator, we multiply it each time successively 
by 10. Now any number that measures another, must * also measure its 
product into any whole number (§37). Hence if the prime factors of 
the denominator be 2 or 6, they will measure 10, and therefore measure 
10 multiplied into the whole number which is the numerator; but if the 
prime factors be not 2 or 5, they will not measure the numerator 
multiplied by 10, and the division will not terminate. 
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Hence we can ascertain whether a vulgar fraction can be expressed 

exactly as a decimal by the following rule : reduce the given vulgar 

Jractum to its lowest terms, and resolve its denominator into its prime 

factors : if those prime factors be only 2 and 5, it can be expressed by a 

terminating decimal; otherwise, it cannot. 

Hence after any vulgar fraction has been reduced to its lowest terms, 
if it be expressed as a decimal which is terminate, the nuwher of figures 
which that decimal contains must be equal to the greatest number of 
times that either of the prime factors 2 or 5 is repeated in the denomi- 
nator: for 10 must be repeated as many times as a factor in the 
numerator as 2 or 5 occurs as a factor in the denominator, in order to 
reduce the vulgar fraction to a decimal : e.g. 

1 1 10x10 25 



4 2x2 2x2x100' 100 
1 10 X 10 X 10 8 



125 5x5x5 5x6x6x 1000 1000 



= •25. 

•008. 



RECURRING DECIMALS. 

§77. It is one of the disadvantages of decimal fractions that when 
attempting to reduce a vulgar fraction to an equivalent decimal fraction, 
We may sometimes obtain an interminate result. 

The difference however between the given vulgar fraction and the 
resulting interminate decimal may be rendered less than any number we 
please to name; and thus by continuing the process far enough, any 
required degree of accuracy may be obtained. 

We may explain this more at length as follows : 

We have seen that if the numerator, when multiplied by a sufficiently 
high power of ten be exactly divisible by the denominator, the given 
vulgar fraction can be transformed into an exactly equivalent decimal 
fraction. But if the numerator cannot be multiplied by any power of 
ten so as to be exactly divisible by the denominator, a somewhat 
different process will show that we can nevertheless obtain a decimal 
fraction as nearly as possible equivalent to the given vulgar fraction : 
and this process will serve to illustrate the first case also. 

Taking first the same example as before, viz. ^^, we have 
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16 ' 10 ® 16 " 10 \ ''■ 16/ 



4 1.6 4 1 . 1 ^ 60 

85 1 of = + of of 

10^10 16 10^10 10 16 



4 1 /- 12\ 4 3 1 . 

ss — + — (3 + — I = — + — 4. — of 

la^ 100 v ley 10^ 100 100 

4 3 1-1.120 4 3 l/^8\ 

e — + + of of = + — • + ( 7 + 1 

10 100 ^ 100 10 16 10 ^ 100 ^ 1000 \ 16/ 



10*^ lOO"*" 1000 ■*■ 1000° 16 

4 3 7 1 . 1 . 80 

— + — + + of — of — 

10 ^ 100 1000 1000 10 16 

4 3 7 1 ,. 

— + — + + of 5 

10 ^ 100 ^ 1000 ^ 10000 

4 3 7 6 



10 100 1000 10000 
= -4375. 

Next ■= = r-^ of - = tt: (1 + 7,1 

7 10 7 10 \ 7/ 

^ io"*" 10° 7 10^100 7 

' 10 ■*" 100 V "^ 7J 

1 A. JL f^ 
" 10 '*' 100 ^ 1000 *^ 7 



L JL __L 1 f 52 
" 10 "^ 100 "^ 1000 "** 10000 7 

JL A A- ^- 1 .4 
* 10 ■*" 100 "*" 1000 ^ 10000 ^ 10000 ^ 7 

= '1428 + ,--L_ of I 

10000 7 

and Bince too 00 of t is less than -n)ioo> it appears that the decimal 
fraction already found differs from the given vulgar fraction by a 
quantity which is less than one ten-thousandth part of unity : and by 
continuing the operation, we can find a decimal fraction which will 
differ less and less from the original vulgar fraction. 
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§78. To explain the reason of the occurrence of the ^figures of the 
quotient in the eame order, when reducing a vulgar to an interminate 
decimal Jr action. 

In attempting to reduce a vulgar fraction to a decimal, the remainder 
at each step of the division must always be less than the divisor, i.e, 
than the denominator of the vulgar fraction ; and the number of remain- 
ders different from each other which can arise, can only be a number 
less than the units in the divisor. If therefore the remainder never 
become 0, by carrying on the division far enough, one remainder must 
occur again, and as a cipher is added to every remainder, when the 
dividend becomes the same as has occurred before, the quotient will 
necessarily be again the same, and the process from that point will be 
repeated. 

For example in reducing ^ to a decimal, proceeding as in ordinary 
division, the number of times that 7 will go 

into 10 is 1 with a remainder 3, 

into 30 is 4 2, 

into 20 is 2 6, 

into 60 is 8 4, 

into 40 is 5 6, 

into 50 is 7 1. 

Now we observe that we have obtained every possible remainder 
except 0; consequently the remainder after the next step must be either 
0, or one of the remainders that have occurred already. The next 
remainder being 3, the whole process will recur again from the 
beginning, and we shall have ^ = *1428d7l42857, &c. 

Such a decimal is called a circulating or repeating decimal : and when 
the same series of figures occurs from the beginning, it is called a pure 
circulating decimal ; but if some of the figures do not repeat, and these 
are followed by some which do repeat, such a case is called a mixed 
circulating decimal. 

It is usual to denote a circulating decimal by placing a dot over the 
first and last of the recurring figures ; and the recurring period is called 
a simple or a compound repetend according as it consists of one or more 
figures : e.g, the pure circulating decimal *3333, &c., which consists of 
the simple repetend 3, is written .3; the mixed circulating decimal 
'3574597459, &c., which has the compound repetend 7459, ia written 
•357459. 
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We see from the aboye considerations that the greatest number of 
figures which it is possible for the period of a circulating decimal to 
contain is one Jess than the number of units in the denominator of the 
Tulgar fraction from which it springs. 

§79. To reduce a circulating decimal to an equivalent vutgar fraction. 

Let it be required to convert *57 into a vulgar fraction. 

Remembering that we effect the multiplication of a decimal by 10, 
by 100, &o., by shifting the decimal place 1, 2, &c. places towards the 
right hand, we may say— 

Let X be the vulgar fraction equivalent to *57. 

And if a; = -6757, &c. 
then 100 x = 67-5757, &c. 
but X = '5757, &c. 



by subtraction 99j; = 57 

67 _ 19 

•'• "^ ' 99 ~ aa 

Again, to find the vulgar fraction equivalent to *765341*9. 

Let a; = -766 3419 

1000 X B 765*34193419, &c. 

10000000 X « 7653419-3419, &c. 
But 1000 X = 765-3419, &c. 

by subtraction 9999000 dp « 7652654 

7662654 3876327 



X = 



9999000 ^ 4999500 



Again, let it be required to convert -00728 into an equivalent vulgar 
fraction. 

Let X t= -007 28 
1000 j; = 7-28 
100000*= 728-28 



Subtracting the second from the third line 

99000 X = 721 
721 
•'• *"99oU0 



o 
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• • 



67 
Now, by observing that '57 = — , 



,_ ^,«.^.,A 7663419-765 
that -7663419 = 



that 00728 



9999000 

728-7 
99000 ' 



We may obtain the following practical rule for converting a circu* 
lating decimal into its equivalent vulgar fraction : 

Place for the numerator of the vulvar fraction the circulating decimal 
written as a whole number, minus the figures which do not recur : and 
for the denominator as many nines as there are recuTring figures, followed 
by as many ciphers as there are non-recurring,/%rtfrM. 

§80. To reduce any quantity or fraction of one denomination to the 
decimal of another denomination. 

Let it be required to express lis, „ 6\d, as the decimal of £1. 

The process will be first to express the /rac^tona/ part of a penny as a 
decimal of a penny: placing the 6 as a whole number before this decimal, 
to divide that result by 12, in order to reduce it to the decimal of a 
shilling : placing the 17 as a whole number before this decimal, to divide 
that result by 20 in order to reduce it to the decimal of a pound : This 
will be written as follows : 



4 
12 
20 



1 



6*25 pence. 



17-4376 sh illings. 
'871876 of a pound. 



It will be seen from this that whatever we should divide by in whole 
numbers in order to bring pence into shillings, or shillings into pounds, 
that we must likewise divide by in this case, only marking off correctly 
the decimal results. 

Let it be required to express 2cwt. „ 3qrs. „ 13 8321bs. as the decimal 
of a ton. 
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Dindiog severally by 28, 4, and 20, in order to bring lbs. into owt., 
cwt into qrs., and qrs. into tons, the process will be 

28 



c 


13*832 


3-458 


4 


3-494 


20 


2-8735 



•143676 
ConTersely, to find the value in a lower denomination of any decimal of 
a higher denomination, we must multiply successively by the same factors 
that we should employ in whole numbers : e,g. find die yalue of £*81875 : 
the process is 

•81876 
20 

16-37600 
12 



4-600 
4 



2-0 

Here multiplying the denomination pounds by 20, to bring it into 
shillings, we obtain 16 shillmgs, and three hundred and seventy-five 
thotuandths of a shilling. Multiplying this '375 of a shilling by 12, to 
bring it into pence, we obtain 4 pence and five tenths of a penny. 
Multiplying -6 of a penny by 4 to bring it into farthings, we obtain 2 
farthings. The answer therefore is 168. „ 4}i/. 

Similarly, if it be required to find the value of -3945 of a day, we 

should multiply by 24 to find the number of hours ; and then multiply 

the resulting decimal part of an hour by 60, to find the number of 

minutes; and again by 60 to find the number of seconds : thus 

-3946 
24 

16780 
7890 



9*4680 
60 

28-080 
60 



4-80 
9 hours „ 28 min. „ 4*8 seconds. 
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§81. Some examples worked at length, in order to exhibit the 
processes employed, are now subjoined : 

£x. 1. Express £3 „ ISs. „ 6|J. as the decimal of £5. 



2 
12 


1- 
6-5 


20 


13-5416. 


5 


3-677083 



•735416 
tiierefore the required decimal of £5 is *735416. 

Ex. 2. What decimal of a mile is 3 fur., 100 yds., 2 feet, 3 inches ? 

12)3- 



3| 


2-26 


0) 


100-75 (•457954 
88 




12 75 
1100 




1750 
1540 




2100 
1980 




1200 
1100 




1000 
880 




120 




8) 3*457954 



•432244318 

Ex. 3. Express the difference between £3 „ 3^. „ 32 J. and £2 „ 5'3125«. 

as the decimal of 168, 

3-00 



4 
12 



3-75 



•3125" 
£. 8. 



.*. from 3 „ 3*3125 
subtract 2 „ 5*3125 

1S8. 
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Now to reduce the difference, which is ISf., to the decimal of 15«. 

15) 18'0 (1-2 
15 

30 
30 



.'. 1*2 is the required decimal. 
Ex. 4. Compare the values of £'775 and 7*75 shillings. 

£ 8. 

•775 7-75 
20 J2^ 

15-500 900 

12 

6-0 

Hence the values are 15«. „ 6d. and la. ,, 9d, ; and the value of the 
first is twice as great as that of the second. 

£z. 5. Find the difference between *31595 of a guinea, and 5*12295 
of a shilling; and reduce the difference to the decimal of a dollar whose 
value is 4«. 3i. ' 

Guinea. 
•31595 
21 

31595 
6 3190 



6*63495 



Now from 6-63495 of a shilling 
Subtract 5*12295 of a shilling. 

Difference 1*512 

Next divide the difference, viz. 1*512 of a shilling by 4*25. 

4*25) 1*512 (-356 
1275 

2370 
2125 

2550 
2550 
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Ex. 6. Multiply 17 acresy 3 roods, 19 perches by *325, and by •0325. 

n„3„19 
_4 

71 
40 



2859 perches. 
•325 



14 295 
5718 
857 7 



4 0) 929 -175 perches. 
4 ) 23 roods „ 9*175 perches. 

5 acres „ 3 roods „ 9*175 perches. 

Now to multiply 2859 perches by -0325 is to divide the aboye result 

by 10, hence 

40) 92-9175 perches. 

2 roods y, 12*9175 perches. 

Ex. 7. Find the value of 3*3 of 7—7 of 1 sq. foot „ 3 sq. inches. 

•735 

3*3 X 4^4 -f- '735 of 1 sq. foot ,, 3 sq. inches. 

i>voe 

= 3f X 4J -^ 5^ X 147 sq. inches. 

8 111 
= -g- X jj X ^ X 147 sq. inches. 

147 
c:^x8xlll 

« 10 X 8 x 37 

B 2960 sq. inches 

m 2 sq. feet „ 80 sq. inches. 

Ex. 8. Find the value of 2*86805 of Za. + *83 of 4^. - 1*8 of 6s. 
2-86805 of 3«. « 2???g^?5?? of 36 pence 

3125 

swvw 
3600 V 
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A^^oA^ ro 10326 ^^ 10325 
2^6805 of 3.. = -555^x36 =-3^ 

= 103-25 s 103^ pence. 

83 — 8 
•83 of 4«. * — -— X 48 pence 

= ^x48 = |x48 
90 6 

a 40 pence 

1-8 of 5 s If X 60 pence 

-|x60 
o 

B 108 pence. 

Hence 103J + 40 - 108 pence 

» 35} pence 

^28.,, Hid. 

Ex. 9. Find the difference between -70323 of a pound, and 3*5646 of 
a shilling, and reduce Is, „ S^^^^d,, to the decimal of half-a-guinea. 

£. 
•70323 
20 

14-06460 
Subtrac t 3-5646 

10-5 
.*. the difference is 10«. 6^^. 

Also, ^, « -1942. 

10000 

Hence to reduce Is. „ S'ld42d, to the decimal of half-a-guinea is to 
bring 92*1942 pence to the decimal of 126 pence. 

126) 92-1942 (-7317 
88 2 

3 99 
3 78 

214 
126 

882 
882 
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Ex. 10. Beduce £n-;:zz to the fraction of a farthing, and divide 

1875 

£•36 by -001875. 

^.036 "^ 1 o^ lo ; l^^^^ 288 



1875~XW^ XHT^ 5x3125 15625 

9E| 625 
25 

Also -001875) .360000 (£192 

1 875 

17250 
16875 

3750 
3750 



Ex. 11. Find the sum of -65 of £4 „ 10«., and -0125 of £5 „ 13«. ,, 4d., 

and reduce the whole to the decimal of £3. 

9. d, 
•65 113 „ 4 

90 12 



58-50 shillings. 1360 

'0125 

6800 
16320 

17-0000 pence. 

Hence the sum is 58s. „ 6 J. + 1». » 5(f. =: 59«. ,, l\d^ 



12 
60 



11-000 



59-916 



. -99861 decimal of £3. 



Ex. 12. Bring 16«. „ 1\d, into florins, cents, and mils; and express 
9 florins „ 9 cents „ 8 mils, as ordinary money. 
We must express 16«. „ 7J<?. as the decimal of £1. 



2 
12 
20 


1 

7 5 
16-625 



-83125 
tlien since a florin is one-tenth, a cent one^hundredlh, and a mil one- 
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thousandth of a pound, £'83125 » 8 florins ,, 3 cents „ 1} mils. 

Conversely, 9 florins „ 9 cents „ 8 mils = £'998 ; and the value of 

£•998 is found as follows : 

•998 
20 

19-960 
12 

« 

11-52 
4 

2*08 
.*. 19«. ,f lid. „ 2^gfar. is value required* 

In reducing any given quantities to the decimal of a higher denomi- 
nation, a method similar to that used in the rule of " Practice ** may 
sometimes \ be conveniently adopted: the method will be more clearly 
understood after " Practice " has been studied : meanwhile in order to 
explain the process, one or two examples are subjoined. 

Ex. 13. Eeduce 19 cwt „ 3 qrs. „ 10 lbs. to the decimal of a ton. 



f 



Icwt 

19 cwt. 
2 qrs. 

iqr. 

4 lbs. 
4 lbs. 
2 lbs. 



1 

20 



^ of 1 cwt. 
} of 2 qrs. 
f of 1 qr. 
^ of 1 qr. 
i of 4 lbs. 



of a ton. 



of a ton. 



= '05 
29 

= •95 

= •025 

= •0125 

= •0017857 &c 

= •0017857 &c 

= -0008928 &c. 

•9919642 &c. of a ton. 



Ex. 14, Reduce 3 weeks „ 3 days „ 13 hours „ 36 minutes to the deci- 
mal of a month. 



3 weeks 

3 days 
12 hours 

1 hour 
30 min, 

6 min. 



f 

f of 3 weeks = 

i of 3 davs = 
^2 of 12 hours = 
i of 1 hour e 
i of 30 min. = 



of a month. 



•75 

•10714285 &c 

•01785714 &c 

•00148809 &c 

•00074404 &c 

•00014880 &c. 

•87738092 &c. of a month. 
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EXEKCISE 10. 
BEDUCTION OF DECIMALS. 

1 . Reduce to the decimal of £1 the following sums : viz. 
(1) 3«. „6H (2) 4«. „9J. (3) 178. „ lid. (4) 19». „ 4J<?. 

2. Find the value in shillings, pence, &c., of the following : viz. 
(1) £-375, (2) £-16. (3) £-92916. (4) £-68126. 

3. Reduce f of a guinea to the decimal of £1. 

4. Reduce 8*775 shillings to the decimal of a moidore (27a.) 

5. Express 3 qrs. „ 3 lbs. ,, 1 oz. ,, I2f drs. as the decimal of 1 cwt. 

6. Find the value of -7385 of a mark (13«. „ id.) 

7. Bring 4«. „ Hid. to the decimal of £1.; and find the value of 
£009765. 

8. Find the value of -089285714 of 1$. 

9. Express 3*74976 minutes as the decimal of a week. 

10. Reduce 12 hrs. ,, 55' „ 2Z^^" to the decimal of a day. 

11. Express 1 florin „ 6 cents „ 8} mils as shillings, pence, &c, 

12. Reduce 6«. „ 6d. to florins, cents, and mils. 

EXEBCISE 11. 
MISCELLANEOUS QUESTIONS IN DECIMAL FRACTIONS. 

1. Reduce the following vulgar fractions to decimals : 

3 9 130 17 106 1,\ HftA f^ ^'^ 
16'4()'625'i25'T25'62i'*'' '*'' 6^ 5 ' 

2. Reduce the following expression to a decimal : 

63 510 45 39 
125 ■'' 625"*^ 640 "^800'. 

3. Reduce the following fractions to circulating decimals : 

23 n _ll_ 129 6401 20565 

990 ' 276 * 1665 ' 550 ' 4950 ' ^^' 33300 * 

4. Reduce the following expression to a decimal : 

^ 102 £ ^ 22 
12 ■*^ 220 ■*" 42 "^ 22 ^ 45 ' 

5. Reduce the following decimals to vulgar fractions : 

•5, -005, -025, -0025, 7*5, '075, -004, -4, •01016626, •71675, 

•0071675. 
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6. Multiply -013 by -00016, 32-56 by -0457, '764 by -366, 
•07 by -0762, 305 by -203, -07853 by -0476. 

7. Divide 1-25 by -0025, 144 by -012, 19-5 by -00013, 
76-2151 by -325, 12370-519 by 5-425, 1708-4592 by -24. 

8. Divide -6 by -09, -04 by -384615, -7 by -142857, 234-6* by 7-7* 

9. Reduce 4«. „ 9d. to the decimal of £1. 

2*1«. to the decimal of a guinea. 
4*2«. to the decimal of three guineas. 
2s. „ 6d, to the decimal of 13a. „ id. 

10. Multiply 03574 by 7-46, -1787 by 3-73, -014296 by 01492. 

1 1. Reduce 3 oz. .„ 12 dwts. to the decimal of a pound troy. 

12. Find the value of f of a guinea f f^^ of a crown + j% of 7«. „ 6 J. 
- f of 2d. and express it as the decimal of 16«. 

13. Reduce the following expression to a decimal: 

20 

4X4.41. 4.Z_ + 9a 4.41 

14. Reduce 3 oz. „ OJf dr. to the decimal of a lb. avoirdupois. 

15. Find the value of -548671875 of one day. 

16. What is the difference between | of 5| metres and 3J of 9J yards, 
11 yards being equal to 10 metres? 

5 

1 5 1-^ 6 

17. Add together « of -, 4J, -^, and «- and reduce the result to a 

«> 7 7 2-^ 

circulating decimaL 

18. Reduce 7 wks. „ 1 d. „ 10 h. „ 12' „ 14'' to the decimal of 3| months. 

19. Reduce Im. „550yds. to the decimal of a league (3 miles). 
Also reduce 2 m. „ 3 p. „ yds. „ 2 ft. „ 6 in. to the decimal of 2 miles. 

20. Find the value of 6*1188 of 1 m. „ 530 yds. 

21. Find the value of i of 1^^ of 3 acres - 1004375 sq. yds. -i- -11*36 
of 3 J sq. ft. 

22. Reduce 3 bush. „ 7} gallons to the decimal of a quarter. 

23. Find the value of -625 of 5s. + -75 of l^d. - -65625 of Is. + -175 
of a pound - -375 of lOs. „ 6d. 

24. Find the greatest common measure of 1353*6 and 231*48. 

25. Reduce 17s. „ 6Jfif. to florins, cents, and mils; and find the 
value in shillings, pence, &c., of 8 florins „ 3 cents „ 7 mils. 

26. Multiply the sum of 5 florins „ 3 cents „ 5 mils ; 8 florins „ 9 cents „ 
6 mils ; and 4 florins „ 3 cents „ 4 mils, by 30, and express the value of 
the result in pounds, shillings, &c. 
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27. Divide the difference between £317 „ 7 florins ,, 7 cents and 
£212 f, 6 florins „ cents „ 2 mils between 14 persons; stating the value 
of each person's share in pounds, shillings^ &c. 

28. Shew that 3 times the difference between 7 florins „ 6 cents „ 7 mils 
and 4 florins „ 3 cents „ 2 mils, is the same as twice the sum of 3 florins „ 
8 cents „ 6^ mils and 1 cent „ 1 mil. 



CHAPTER X. 

PEACTICE. 

§82. The rule of Practice does not involve any principles beyond the 
rules of compound multiplication and division, fractions and decimals. 
It depends for its use on the readiness with which the above rules can 
be applied, and on the dexterity and quickness which the calculator 
acquires by practice. It is the rule by which, when the price of an unit 
of any denomination is given, we can find the price of any quantity of 
the same kind of goods. 

The method of its application is as follows : when the cost is required 
say of 90 yards at the rate of £2 „ 16$. „ 6d, per yard, instead of reducing 
£2 „ 16«. „ 6d. to pence, multiplying the pence so obtained by 90, and 
then dividing that result again by 12 and 20 to bring the result back 
into pounds, shillings and pence, we should by practice first multiply 90 
by 2, to find what the 90 yards cost at £2 per yard ; and we should then 
take the remainder of the money given as the cost price, and sub- 
dividing it so that each part may be a simple fraction of that which 
preceded it, we should find the cost separately of the 90 yards at each of 
these rates, and then add together the several results. 

The form of the process is as follows : 

90 
2 



10«. 


i 


5$. 


i 


1$. 


i 


6d. 


i 



1 80 = cost of 90 yards at £2 per yard. 

45 = 10a 

22„10=s 6«. 

4„10= U 

2 „ 6 = ed. 



£254 „ 5 = cost of 90 yards at £2 „ 16s. „ 6d. per yard. 
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§83. The common difficulty in working sums in practice consists in 
finding out what are the proper fractional parts into which to subdivide 
either the money which is the price, or the quantities of the goods 
purchased ; the tables given below will supply this information. 

Definition ofa.n Aliquot part (aliquoties, a certain number of times.) 

One number or fraction is said to be an aliquot part of another 
number or fraction when the first is contained an exact number of times 
m the second. 

The first table contains the aliquot parts of £1., so arranged that the 
simple aliquot parts, or the aliquot part of an aliquot part, may be 
found flt once by inspection. The figures written by themselves or 
before a semicolon are shillings: those after a semicolon are pence or 
fractions of a penny. 





1 


1 


1 


• 


1 


1 


1 


1 


Twentieth. 


1 


Of £1. 


10 


6; 8 


5 


4 


^; 4 


2j 


6 


2 


1; 8 


1 


;6 


Half 10 


5 


3; 4 


2; 6 


2 


Ij 8 


1; 


8 


1 


J 10 


i 6 


;3 


Thiid 


6;8 


8; 4 




1; 8 


1;4 






to 


;6 




; 4 


j2 


Fourth ... 


5 


2; 6 


1; 8 


Ij 8 


1 


;10 




n 


; 5 


; 3 


iH 


Fifth 


4 


2 


1; 4 


1 




; 8 




6 




; 4 






Sixth 


8;4 


Ij 8 




t 

J 


10 


;8 






> 5 ;4 




; 2 




Eighth ... 


2;6 


1; 3 


;10 


4 

3 


7^ 


;6 


; 5 




: H 


;3 


; ^ 


; H 


Tenth 


2 


1 


; 8 


1 


» 6 




; 4 




; 3 




; 2 






Twelfth ... 


lj8 


;10 






1 6 


;4 






1 2^ 


J2 




; 1 


; ^ 


Twentieth 


1 


; 6 


; 4 




; 3 




; 2 




; U 




; 1 






Fortieth ... 


:6 


; 8 ; 2 




Lit 




: 1 




^ 




; i' 





Here the simple aliquot parts of a pound, the half, third, &c., are 
found in the left hand column, and in the upper column ; the aliquot 
part of an aliquot part is found in the square opposite to the one and 
under the other part; thus opposite to eighth and under fourth is found 
; 7} ; which shows that l^d. is the eighth of a fourth of a pound. 
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If now the price of 3107 yards at l^d. per yard -be required, by 
dividing 3107 by 4 and the result by 8, we obtain the eighth of the fourth 
of £3107, and so find the cost required; thus 

4 ) 3107 
8 ) 776 ,. 15 

£97 „ U. „ lOld. 
The following tables of aliquot parts will be found useful for reference : 



Of a Shilling, 



H 
2 

3 

4 

6 



18 

are 

99 
9t 



Of a Pound Troy. 



6 oz. 

4 

^ • • • • 

3 .... 

•* ■ • • • 

1 oz. 10 dwts. 



are 

is 



Of an Ounce Troy, 



10 dwts. 

6 dwU. 16 gr. 

5 .... 
4 

3 dwts. 8 gr. 
2 dwts. 12 gr. 

" • • • • 

1 dwt. 16 gr. 



are 



Of an Acre, 



2 roods 
1 rood 

20 poles 

16 



are 

is 

are 



1 
19 

X 

8 
J. 

e 

A 

4 

S 

X 

9 



X 

a 

JL 

s 

X 

4 
1 
6 
X 
8 
1 
19 



X 

9 

X 
8 

JL 

4 
i 

e 
1 

8 

X 

10 

1 
is 



X 

9 
J. 

4 

8 
10 



AVOIRDUPOIS. 
Of a Ton. 



lOcwt 
5 
4 
2 
1 



2 qrs. 

1 

16 lbs. 
14 

8 

7 

2 
If 



14 lbs. 
7 
4 

3i 



8 oz. 
4 
2 
1 



are 

If 

is 



0/a Cwt. 



are 

is 

are 

If 

91 
}> 

f> 
^» 



Of a Quarter, 
are 



»f 



O/'a Pound, 
are 



fi 
is 



X 

3 

i 

4 

1 

10 

1 
SO 



9 

JL 
4 
1 

r 

Joff 
iofj 

J^ of ■I' 

7 "* 8 

iofi 



1 

9 
X 

4 

JL 

8 



X 
9 
X 
4 
X 
8 
X 
16 



§84. The following examples worked at length will exhibit the usual 
form of questions in practice : 



FRACTIGB. 



Ill 



Ex. 1. Find the cost of 6 cwt. ,, 3 qrs. „ 7^ lbs. at £7 „ Ida. „ 6d, 
per cwt. 

£• , 8, d, 
2 qrs. 



t 



1 qr. 
4 lbs. 
3J lbs. 



^ 7 „ 13 ,, 6 = cost of 1 cwt. 
6 



X 

9 

X 
7 
JL 

8 
A 

8 



46 „ 1„0 
3 „ 16 „ 9 

1 „ 18 „ 4J 
5„6H 
.4 „ 9A 



6 cwt. 
2 qrs. 
1 qr. 
4 lbs. 
3| lbs. 



£52 „ 6 „ 4 Jf = 6 cwt „ 3 qrs. „ 7J lbs. 



Here as £7 „ 13«. „ 6d, is the cost of 1 cwt., we multiply that sum by 
6 to obtain the cost of 6 cwt. ; then, as 2 qrs. are | of 1 cwt., f of the 
top line will be the cost of 2 qrs.; and as 1 qr. would cost | of the cost 
of 2 qrs., we divide the cost of 2 qrs. by 2. Next 4 lbs. being I and 
3| lbs. being i of 1 qr., we divide the cost of 1 qr. by 7 and 8 suc- 
cessively. These results being added together, give the cost of 
6 cwt. „ 3 qrs. „ 7^ lbs. 

In cases where there are fractional parts of a penny remaining after 
division, it is easier not to reduce them to farthings, but to leave them 
as fractions of a penny. If greater accuracy should be thought neces- 
sary, the fraction in the answer may be reduced to farthings. Thus the 
answer of this example may be written £52. „ Qa. „ ^d. „ S^^far. 

[N.B. If any fractional parts of a farthing remain, it is better not to 
write the farthings as a fraction of a penny, to be followed again by 
another fraction, which is meant to represent the fraction of a farthing. 
But write the farthings as whole numbers of a separate denomination, 
followed by their own fraction.] 

Ex. 2. Required the price of 9 yds. „ 1 ft. „ 5J in. at £2. „ 68, „ l^d. 
per yard. 



( 



1 foot 



4 inches 
li inches 



i 


£. 8, d, 
2„ 5„ 7i 
9 


X 
s 

X 

8 


20„10„ 7J 

15 „ 24 

d„ Of 

1 „ lOiS 



cost of 1 yard. 



£21„12„ 9A» 



9 yards. 
1 foot. 
4 inches. 
1} inches. 

9 yds. ,, 1 ft. „ oi in. 
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Here the cost of 1 yard was multiplied by 9 to obtain the cost of 9 
yards ; and i the cost of 1 yard was taken for the cost of 1 foot; then i 
of the cost of 1 foot, and i of the cost of 1 foot were taken for the cost 
of 4 inches and of IJ imches respectively; and these results were added 
together to obtain the entire cost required. 

§85. The solution of questions in practice may often be simplified by 
various artifices, of which the following are given as the most commonly 
useful: 

1. Taking aliquot parts ^ of aliquot parts whose value is already 
found : thus. 

Find the price of 3729 articles at £7 „ 2$. „ 9} J. 



$, 

2 



19 



d. 
6 



3f 



I 



1 

8 



£. 
3729 would be the cost of the 3729 articles at £1. each. 
7 



26103 B cost of the articles at £7. each. 

466 „ 2 „ 6 = 28, „ ed. each. 

68 „ 5 „ 3f = 3Jrf. each. 



. £26627 „ 7 „ 9J = £7 „ 2$. „ 9Jrf. each. 

Since the 3729 articles at £1. each would obviously cost £3729. if we 
multiply that sum by 7, we obtain the cost at £7. As 2«. ,, 6d, is i of 
£1., by dividing 3729 by 8 we find the cost at 2«. „ 6d, Next we see by 
the table that 3j</. is the eighth of an eighth of £1.; hence by dividing 
the cost at 2«. „ 6d, by 8, we obtain the cost at S^d. 

2. Taking aliquot parts of the multiplied quantity instead of the 
original quantity : thus, 

Required cost of 108 articles at £7. „ 17«. „ 6d. 



lis. „ 6d. 



1 

8 



108 

7 



756 
94 „ 10 



£850 „ 10«. 

Here 17«. „ 6d. which is ^ of £1., is i of £7. 

3. Taking the price as if somewhat higher than that which is given, 
and subtracting a convenient aliquot part : thus, 
Find the price of 218 cwt at £5. „ I85. „ 4d, 
Here £5. „ 18«. „ 4<l. « £6. less 1«. „ Sd. 
Therefore find the cost at £6., and subtract the cost at Is, „ SdL 
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Is, „ Sd, j^j 



218 
6 



1308 
subtract 18 „ 3». „ 4rf. = 

£1289 „ 16». „ Sd. = 



price of 218 cwt at £1 each. 

£6 each. 

l9« ») ^d. each. 

£5 „ 18«. „ 4d, each. 



4. Introducing a subsidiary aliquot part to facilitate calculation, and 
erasing it from the result "when the other parts have been found from 
it : e.ff. 

Find the cost of a silver-gilt goblet weighing 3 lbs. ,t 4 oz. „ 15 grs. 
at £2 ff la, „ Sd, per ounce. 



3 lbs. ff 4 oz. s 40 02, 



Idwt. 



12 grs. 
3 grs. 



1 

so 


£. «. d. 

2 „ 7 „ 8 
40 


1 

a 

i 


95 „ 6 „ 8 
1 .. 2A 



cost of 3 lbs. „ 4 oz. 
cost (to be erased) of 1 dwt. 
cost of 12 grs. 
cost of 4 grs. 

£95 „ 8 y, 1 j% a cost of 3 lbs. „ 4 oz. ,, 15 dwts. 



In this example, as the denomination of dwts. does not occur in the 
question, and as a ffrain is ^J^ part of an ounce, it is convenient to 
introduce the price of 1 dwt, ; not, however, to affect the answer, but 
only to derive from it the price of 15 grs. When this has been done, 
the cost of the 1 dwt, must be erased, before the products, which form 
the answer, are added together. 

5. When both the factors in the question contain fractional parts 
which are complicated, it is a good plan to turn the money factor 
into pounds and the decimal of a pound, and then to take the aliquot 
parts of the other factor : e.g, let it be required to find the price of 
11 tons „ 17 cwt. „ 1 qr. „ 19 lbs. at £7 „ 79. „ i^d, per ton. 

Here, reducing Is, „ 4J(/. to the decimal of a pound, we find it is 
£•36875. 

Hence the cost of a ton is £7*36875. 
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LOcwt. 


I 

8 


7-36876 
11 




81*05625 


5cwt. 


i 


3-68437, &c- 


2cwt. 


i 


1*84218, &c. 
•73687, &c. 


1 qr. 


i 


*09210, &c. 


14 lbs. 


i 


'04605, &c. 


4 lbs. 


1 

t 


•01317, &c. 


lib. 


4 


•02302, &c. 




87*49401, &c. 






20 






9*88020 






12 






10-6624 






4 



2*2496 
therefore £87 „ 9«. „ lO^d, u the cost required. 

6. When the price is an even number of ehilUngSf multiply the 
number of articles by half the number of shillings, cut off the unite 
figure of the result, and double it: reckon this doubled figure as the 
ehillingSf and the rest of the result as the pounds of the answer. 

The reason of this will be easily understood from the following 
example : 

The cost of 313 articles at ISs. each, is 

9 
^313x1,)Bl ^2817 

■^~W~ = ^lo" 

10 

= £281,i 

= £281iJ 

= £281 „ 14«. 

Hence if the ooit of 648 articles at 88 shillings each be required, 

the result may be obtained by multiplying 648 by 19, cutting off and 

doubling the units figure for the shillings, and taking the rest of the 

product for pounds; thus 

648 
19 



therefore £1231 „ 4«. answer. 



1231,2 
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EXEBCISE 12. 
EXAMPLES IN PRAGTtCE. 

Find the cost of 

1. 204atU„8(;. 

2. 324 at £1 „ da. „ 4d. 

3. 800 at £2 „ 0«. ,, l^d. 

4. 640 at £1 „ 4«. „ l^d. 

5. 320 at £3 „ 0«. „ 3id. 

6. 582 at £12 „ 10«. „ 2j(?. 

7. Find the cost of 150 oranges at d^d. per dozen« 

8. The price of 265 sheep at £63 „ 3^. „ l^d. per score. 

9. The value of 85 articles at £8 „ 1 75. „ 6d, for every 40. 

10. The cost of 111 things at £11 „ 11«. ,, 11a. for every 11. 

IL The value of 425| ounces of gold at £3 „ 17«. „ 10 ^d, per ounce. 
12. The cost of 1243^ cwt. at £3 „ 14«. „ 2d. per cwt. 



13. Required the cost of 17 cwt. „ Iqr. „ 19 lbs. at £1 ,, 58. „ 2d. 
per cwt. 

14. Cost of 19 cwt. ,1 3 qrs. „ 11 lbs. at £2 ,, 9^. „ Sd, per cwt. 

15. Cost of 37 cwt. „ 3 qrs. „ 2 lbs. at £3 „ 14». „ l^d. per cwt 

16. Cost of 72 cwt. „ 3 qrs. „ 17 lbs. at 6«. „ l^d. per quarter. 

17. Cost of 4 cwt „ 2 qrs. „ 12 lbs. at £4 „ 13«. „ id. per quarter. 

18. Cost of 5 cwt. „ 1 qr. „ 23 lbs. at lid. per lb. 

1 9. Required the rent of 250 acres „ 3 roods ,» 28 poles at £2 1, 1 5«. „ 6d. 
per acre. 

20. Required the cost of 30 yards ,, 1 foot ,» 1} inches at £6 „ Sa. „ 9d. 
per yard. 

21. Find the price of 7 lbs. „ 5 oz. ,,12 dwts. „ 12 grs. at £4 „ 28. „ id. 
per lb. 

22. Find the cost of 2 tons „ 4 cwt. „ 1 qr. „ 3^ lbs. at £7 „ 9«. „ 4 Jd 
per cwt. 

23. Required the cost of a solid block containing 3 cub. yards „ 3 cub. 
feet „ 192 cub. inches at £13 „ la. „ i^d. per cub. foot 

24. What is the price of 4 quarters „ 3 bushels „ 1 peck „li gallons 
at 13«. ,, 6d. per bushel ? 
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25. Find, (taking the aliquot part of an aliquot part,) the price of 
45 acres ,, 3 roods „ 24 poles at £96 ,, 28, „ Sid. per acre. 

26. Find, (using only one aliquot part,) the cost of 18 lbs. „ 7 oz. „ 
4 dwt. at £5 „ 5«. „ Sd, per lb. 

27. Find the cost of 3 quarters „ 3 bushels „ 3 pecks at £6 „ 168. „ Sd. 
per quarter (artifice 3). 

28. Find, (introducing a subsidiary aliquot part) the cost of making 
a road whose length is 3 miles „ 30 poles „ 5 yds. at £72 „ 17«. „ 6d, 
per mile. 

29. Find, (using decimals,) the price of 10 lbs. „ 11 oz. „ 16dwts. „ 
16grs. of gold, at £3 „ 17«. „ lOld, per oz. 

30. Find the price of the following goods, each at an even number 
of shillings; viz.: 

(1) 3019 at 18«. each. 

(2) 517 at £1 „ ISa. each. 

(3) 2466 at 16«. per dozen. 

(4) 620 dozen at £2 „ 4a. per score. 



CHAPTER XL 

PBOPOBTION, COMMONLY CALLED THE BULE OF THREE. 

}86. It is necessary to have a clear idea of the sense in which the 
words JRatio and Proportion are used, though indistinct notions con- 
cerning them are very common. This is perhaps in part to be attributed 
to the imperfect translation of Euclid's definition of Ratio, Book Y., 
Definition 3. "Katio is a mutual relation of two magnitudes of the 
same kind to one another, in respect of quantity." Here we may ask 
what is the difference between the words magnitude and quantity f Are 
they not in reality synonymes ? and might we not with equal propriety 
define ratio to be the relation which one quantity bears to another in 
respect of magnitude ? Indeed, in Algebra ratio is commonly defined as 
" the relation which one quantity bears to another with respect to mag- 
nitude:" only then, the definition being obviously imperfect, there 
is usually added "the comparison being made by considering what 
multiple part or parts the first is of the second." 
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Now the idea sought to be conveyed by the term Ratio is that of 
relative magnitude as distinguished from actual magnitude. But in 
establishing the relative magnitude of two numbers, there are two ways 
in which it is possible to make the comparison : either by subtracting 
one from the other, and seeing ?ioto much greater the one is than the 
other ; or else by dividing one by the other, and seeing ?ioto many times 
it is greater than the other. 

It is the second method only which is contemplated when the word 
ratio is used. Take the numbers 6 and 2 ; 6 is greater than 2 by 4 ; 
but this is a comparison which has nothing at all to do with ratio ; the 
ratio of 6 to 2 is found by dividing 6 by 2, and saying that 6 is 3 times 
greater than 2. 

The word, therefore, which is required in the definition, is one that 
shall express the number of times one quantity is greater or less than 
another. In the Greek, Euclid's definition is as follows: Aoyos io-ri 

ivo /JLtysddav OfioytvtSv ») kut^ grijXi/coTT/To 7r/o<Js dWrjXa woid axiaiv. In 

this the word irtiXdcortiv has been rendered by quantitas, whereas it 
would be better expressed by quantuplicitas, expressing the how-many- 
times one magnitude contains another. Euclid's own meaning is made 
evident by the fourth definition, " Magnitudes are said to have a ratio 
to one another, which when multiplied (iroWaorXao-ia^o/icva) can exceed 
one the other." 

If, therefore, following the analogy of the word multiplicity from mul- 
tiplex, manifold, we adopt the word quantuplidty, explaining it to mean 
what number of times one magnitude contains or is contained by another, 
we may translate Euclid's definition thus : " Batio is the mutual relation 
of two magnitudes of the same kind with reference to quantuplicity ;"• 
that is to say, the ratio between two quantities is determined by con- 
sidering how many times the first is greater or less than the second. 

From this it is clear that quantuplicity, and therefore ratio, can only 
subsist between either abstract numbers, or else concrete quantities 
which are of the same hind : we may divide one abstract number by 
another abstract number; or we may enquire how many times one 
quantity is greater or less than another quantity of the same kind, com- 
paring one length with another length, or one weight with another 

• In arithmetic, ratio has been sometimes defined to be " the relation 
which one number bears. to another with respect to quotity ;** the same 
attempt being made to evade the ambiguous use of the word quantity. 
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weight; but it would be absurd to compare a pound weight with a 
yard, or to enquire how many times a quart were contained in a mile ; 
adopting Euclid's test, such quantities cannot be multiplied so as to 
exceed one the other. 

[06«. It is very important to bear in mind, that in determining the 
ratio which one quantity bears to another, we are seeking to establish 
hov) many times the first contains or is contained by the second; and 
that this comparison can only be made between quantities which are 
of the same kind.'] 

§87. A ratio is usually written with two dots, one above the other, 
placed between its two terms ; thus the ratio of 6 to 2 is written 6 : 2, 
where the first term is called the antecedent ^ the second the consequent 

But to determine the value of a ratio, the antecedent is written as 
the numerator, and the consequent as the denominator of a fraction; 
for this will determine how many times the first contains or is contained 
in the second, since a fraction (see Def. 2, §44, page 50) is a simple 
manner of expressing the division of the numerator by the denominator; 
and the magnitude of the fraction thus determines the value of the 
ratio. The ratio of 6 to 2 is expressed by the fraction f , or f , which 
denotes that 6 is 3 times greater than 2 ; whereas the ratio of 2 to 6 
would be expressed by the fraction f , or ^ ; which denotes that 2 is one- 
third of 6f i.e. is 3 times less than 6. By this method ratios can be 
treated arithmetically , their values determined, and so compared with 
one another. 

§88. Proportion is the relation of equality subsisting between ratios. 

If we have two numbers as 6 and 2, of which we know the first is 3 
times greater than the second, and two other numbers 15 and 5, of which 
the first is again 3 times greater than the second, the ratio of 6 to 2 is 
equal to the ratio of 15 to 5, and these four terms are said to constituta 
a proportion. Such a proportion is usually written 6 : 2 :: 15 : 5, or 
6 : 2 » 15 : 5; and since a ratio may be written as a fraction, the pro- 
portion may be written f = ^^, 

The first and last terms of a proportion are called the extremes, the 
two middle terms the means. 

While the two terms of a ratio, if they be not abstract numbers, 
must be quantities of the same kind, it is not necessary that all the four 
terms of a proportion should be of the same kind : it will be sufiBlcient 
that the quantities in the first ratio be of one kind, and the quantities in 
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the second ratio of one kind ; tlius 3 cwt. : 12 cwt. = 7 inches : 28 inches ; 
and generally we may say, that any four quantities are proportionals 
token the first ia the same number of times greater or less than the 
second that the third is greater or less than the fourth ; in other words, 
when the first is the same multiple part or parts of the second that the 
third is of the fourth. 

§89. Since a proportion expresses the equality of ratios, and the 
value of these ratios may be denoted by fractions, the properties of ratios 
are made to depend directly upon the properties of fractions. 

Hence, if we take any two ratios which are equal to one another, 
for instance 4 : 12 and 7 : 21, where it is true that 4 : 12 : : 7 : 21, 
we may say 

12" 21' 

next, reducing these fractions to equiyalent fractions having a common 

denominator, we have 

4x21 ^ 7x12 

12x21^ 21 xl2' 

or 4 X 21 = 7 x 12 ; 

and as the numbers taken were not particular but general, we deduce 
the following general rule, viz. that in every proportion, the product 
of the extremes is equal to the product of the means. 

From this it follows as a necessary consequence that if the product 
of the means be divided by one extreme, the quotient will be the 
other extreme; or if the product of the extremes be divided by one 
mean, the quotient will be the other mean. 

It is important to notice this, because upon this property of pro- 
portion depends the solution of questions in the Hule of Three; where 
three known terms of a proportion are given, to find a fourth unknown 
term. Now generally if a, b, c, and d are the terms, so that aihw c i d^ 

we know that 

ad = he, 

- be . be 

whence « = -r » a = — 1 

d a 

, ad ad 

i = -, c=-, 

that is to say, if a, d, b, e be in turns the unknown term, they could 
each be found, provided the other three terms were known. 
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In the method of arranging the terms of a proportion, or of ** stating 
the sum/* as we now proceed to explain it, it will be observed that we 
never allow only three terms to be written in any proportion, but always 
four, three of which are known, and one unknown. Also, that the 
place occupied by the unknown term is perfectly immaterial ; it may be 
last, or first, or third, or second ; for so long as the terms are correctly 
arranged, and the product of the extremes taken as equal to the pro- 
duct of means, the right result is sure to be obtained. 

It will be best now to illustrate the foregoing explanations by 
examples. 

The simplest form under which a sum in the "Rule of Three" 
can stand is as follows: 

Ex. 1. If 17 barrels of beer cost £51, tohat number of barrels can 
be bought for £93 f 

Of two different quantities of the same article, bought at the same 

rate, the one will be as many times greater or less than the other as 

the sum of money expended in the first case is greater or less than 

the sum expended in the latter case ; hence we can form a proportion, 

and say 

17 barrels : Ans, barrels : : £51 : £93; 

we next multiply the means together and the extremes together, re- 
membering that these two products are equal; whence 

Ans» X 51 = 17 X 93; 

we then divide equals by the same number; t.e. divide both sides of 
this equality by 51, and cancelling, or dividing both numerator and 
denominator of fraction by 17, we get 



Ans. 



3 



= 31 barrels. 

Observe that as every proportion consists oi four terms, so in every 
statement it will be found that there are three known and one unknown 
term; over this unknown term in the statement, which is usually re- 
presented by "AnsJ* it is well to write the denomination which it is 
meant to represent 

It is immaterial whether the unknown term be placed first, second, 
third, or fourth in the statement, so long as the other terms be arranged 
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correctly: thus, in the example given, we should have been at liberty 

to make either of the four following statements : 

Ans. barrels* : 17 barrels : : £93 : £51, 

17 barrels : Ans. barrels : : £51 : £93, 

£93 : £51 : : Ans, barrels : 17 barrels, 

£51 : £93 : : 17 barrels : Ans, barrels, 

but in each case by multiplying together the extremes and means we 

should obtain 

Ans. X 61 = 17 X 93. 

Be careful not to set down in the statement 

17 barrels : £51 : : Ans. barrels : £93. 

For although by multiplying together extremes and means we should 
here also obtain Ans. x51sl7x93; nevertheless we should be in- 
Yolved in two false ratios : as it is absurd to enquire haw many times 
a number of barrels is greater or less than a number of pounds. 

Not only must the quantities in the respective ratios be of the same 
kind, but they must be brought to the same denomination, if they be 
not so in the question. Suppose it had been asked "If 17 barrels cost 
51 guineas, what number of barrels could be bought for 93 pounds f* 
It is clear that the statement already given would not in this case 
produce a correct result; and that it is not sufiBlcient that the terms 51 
and 93 should be of the same kind, namely money; but either the 
guineas must be expressed in the denomination of pounds, or the pounds 
in the denomination of guineas, or both in the denomination of shillings 
before we could form a proper ratio. 

When after stating the sum, we begin to multiply together extremes 
and means, we are involved in the seeming absurdity of being required 
to multiply together two such concrete quantities as barrels smd pounds : 
an unknown number of barrels multiplied by 51 pounds are said to 
be equal to 17 barrels multiplied by 93 pounds. But it is to be remem* 
bered, that the ratio of 51 pounds to 93 pounds is the same as the ratio 
of the abstract number 51 to the abstract number 93. We may there- 
fore be supposed to consider only the abstract numerical value of the 
terms, and by the principles of proportion we shall find the numerical 
value of the unknown term. 

♦ What is meant by such expressions as **Ans. barrels," **An8. shill- 
ings," **An8. stone," &c. is that the unknown quantity which is the Ans. 
is in the denomination of barrels, shillings^ stone, &c. 
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Ex. 2. A bankrupt* 8 debts are £5620, and his effects are only £1405 ; 
Ufhat dividend will he pay t 

In this case it is clear, that as many times as his debts are greater 
than his effects, so many times will the pound be greater than the 
dividend or shillings he can pay in the pound. 

Hence, expressing the pound in the denomination of shillings^ we 
shall have 

debts effects 

5620 : 1405 : : 20«. : Ans. shillings, 

Ans, X 5620 » 1405 x 20, 

1405 X 1^ 



Ans, = 



281 



« 5 shillings. 

Ex. 3. If 121 ^ons cost £3 „ 150., what will 5 ewt, cost f 

Instead of reducing each of the given quantities to their lowest 

terms, fractions may be commonly used with advantage; care being 

taken to express the quantities in each ratio in the same denomination. 

Thus, in the example given, expressing 5cwt. as a fraction of a ton, 

and 15«. as the fraction of £1, we have 

121 tons : i ton : : £3^ : £ Ans., 



25 




I 


15 






X Ans. 




< -r 1 




2 




"l^ 


4 ' 
3 






Ans. 


1 


< -=- X 


? 






"4' 


^ 


^ 








2 
3 


5 




~ i" 


X 2 X 











3 








= £ 


40 








-la 


. „ 6d 


m 



Ex. 4. If \ of a share in a tpecidation be worth £21 „ 17«. „ 6d,, 
what would i of a share be worth f 



7 2 

- : - : : 21 J ; Ans., 

7 ^ 2 175 

-x^«.. = 5X— , 
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25 

. 2 Xt^ a 

= ^=161 ; 

= £16 „ 13«. „ 4d. 

Ex. 5. Find a fourth proportional to the numbers 2*7, 2'42o, 10'8. 
This example will serve to shew how decimals may be used in the 
solution of any questions in proportion. 

2'7 : 2-425 : : 10-8 : Ans., 

Ans. X 2-7 = 2*425 x 10-8, 

4 

2-425 X X^'^ 
Ans. = —r- 

= 9-700, 
whence 9*7 is the fourth term of the proportion. 

Ex. 6. If 123*5 lbs. cost 7*4 shillings, what number of lbs. can be 
bought for £3-33? 

123*5 lbs. : Ans. lbs. : : £^ : £3-33, 

3-7 
Ans. X T^ = 123-5 x 3-33, 



Ans. 


x*37 


» 123-5 X 3-33, 




Ans, 


123-5 X 3-33 

•37 
9 
123-5 X "^ 

^\ 
= 1111*5 lbs. 



Ex. 7. If after paying an income-tax of Id. in the pound, a person 
has £776 „ 13«. „ 4d. remaining, what is his actual gross income t 

Every pound of 240 pence is reduced, by paying a tax of Id., to 
233 pence, and the whole income is reduced in the same ratio ; hence 

240d. : 233d : : original income : reduced income, 
: : Ans. : 776f , 

OQQA 

233 X Ans. = 240 x t^ , 

o 
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' 10 

s£800. 

Ex. 8. The net rental of an JEttate, after deducting 6d. in the pound 
for Income-Tax, and then 6 per cent, more from the portion which 
remained for the expense of coUecting, is £694 „ Ids, „ 9d, ; what is the 
gross rental t 

By paying 6d, in the pound, £100 would pay £2 „ 10«., and be 
reduced to £97 „ 10». This £97 „ IO0. would now pay a tax of 5 per 
cent., ». e. would pay £4 „ 17«. „ Qd., and be thereby further reduced to 
£92 „ \2s. tf 6J. And the original income would be reduced in the flame 
ratio: hence 

£100 : £92f : : original income : reduced income, 
: : Ans. : 694{i, 

741 ^ ^^ 11115 

— X Ans. - 100 X — jg-, 

60 ^^ 

Ans.^\mx^^^x^ 

= £750. 

Ex. 9. Given that the diameter of a circle is to the circumference 
as 1 : 3f ; find the number of revolutions made by a wheel whose radius 
is Ifoot 9 inches in a journey of Smiles. 

When the radius is 1 foot 9 inches, the diameter is 3 feet 6 inches, 

and we are told that 

diameter : circumference : : 1 : 3f ; 

therefore 3} : circumference : : 1 : 3f , 

- 7 22 

circumference = — x -r - 

2 7 

= 11. 

The question is now only how many times a length of 11 feet is con- 
tained in 8 miles ; hence, bringing miles to feet, we have 

160 
8x\Wlx3 



Ans, 



3840 times. 
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Ex. 10. Oiven that the areas of circles are as the squares of their 
diameters ; there are two circular ponds, whose diameters are a^ 11 : 12, 
and the area of the first is Z\ acres. Find the area of the second pond. 

area of first pond : area of second pond : : 11' : 12', 

3} acres : Ans, acres : : 121 : 144, 

121 X Ans. = 144 X ^ , 

72 7 1 

504 

^ 121 

s 4 acres „ poles „ 2^^^x perches. 

Ex. 11. ^ clock gains Z\ minuUs in 15 seconds under the 24 hours; 
at noon it is 2 minutes too slow : when wiU it indicate true time f 

Take 15 seconds from 24 hours, and there remain 23 hours „ 59 min. „ 
45 sec. The question therefore is, "if a clock gain Bi minutes in 
23 hours „ 59 min, „ 45 sec, in what time wiU it gain 2 minutes f 

3} min. : 2 min. : : 23||f ^ hours : Ans. hours, 

13 
4 



t^ X Ans. = 2 X 23f Ji, 



. ^ 17277 ^ 

Ans, = X X -T=Tr- X -r-; 

W 13 

90 

^ 17277 
1170 

B 14 hours „ 46 minutes ; 

Uierefore the clock will indicate true time at 46 minutes past 2 a.m. the 
following day. 

§90. It often happens that there are more than three known terms 
given in the questions proposed; and it is common to class such ques- 
tions under a distinct rule called ** double rule of three," or " compound 
proportion" : — ^they may, however, be all reduced to simple proportion ; 
and examples will be now subjoined exhibiting the process, of every 
step in which the reason will be explained. 
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Ex. 12. If 9 fMn in 8 day% ttmwoM 12 ttoM ofjUmr^ how many 
itoM will ietve 24 tnenfor 30 day$ f 
The process will be as follows : 

9 men x 8 days : 24 men x 30 days : : 12 stone : Am, stone. 

Am. X 9 X 8 » 24 X 30 X 12. 



Ana, s 



3 10 
!i^x)^xl2 



Kxa 
3 

s 10 X 12 
s= 120 stone. 

In making this statement^ it will at first appear as if we began by actually 
multiplying together such concrete quantities as men and days: we 
point out, however, that the 9 does not represent so much 9 actual men 
as the daily eontumption of 9 men; and the reason why we may multiply 
this by 8 days, or repeat the daHy consumption of tiie 9 men 8 Utnea 
oyer, wiU be easily understood, if we say 

Let 1 represent the consumption of 1 man in 1 day, 

then 9 will represent 9 men in 1 day, 

and9x8 9 8 days. 

Similarly, 24 x 30 will represent the consumption of 24 men in 30 
days ; but we are told that the quantity consumed by the first set of 
9 men in 8 days was 12 stone ; and this must bear the same ratio to the 
quantity consumed by the second set of 24 men in 30 days, as 9 x 8 
does to 24 X 30 : hence writing the terms as a proportion, we have 

flnt oante Moond oavae lint efliBot second efliBot 
9x8 : 24x30 :: 12 : Ans. 

Here likewise it wiU be observed, that it is immaterial where in the 
statement the unknown term is placed : it is only necessary to arrange 
the terms so that the first cause bears to the second cause the same ratio 
that the first effect bears to the second effect ; the causes will be the 
agencies of the living agents, so many times repeated, the effects will 
be the food consumed, the work performed, the money spent, &c. 
Hence the Rule will be ** Multiply the number of living agents^ in each 

* The few oases in which there are no living agents, will be noticed 
bdftw, where, as in examples 14, &e. it will be shewn how to distinguish 
the agencies from the effects produced* 
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case by the time (the months, days, hours, &c.) they respectively work 
for : place these as the j^r^^ and second terms of the proportion : place in 
the third term the work done by the agents in the^rs^ term, and in the 
fourth term the work done by the agents in the second term." Having 
thus stated the sum, multiply together extremes and means; only for 
the convenience of cancelling do not actually multiply together the 
various factors, but set them down with the sign of multiplication 
between them, placing the Ans. with its factors, according to custom, on 
the lefi-hBud side of the equality, and the other factors on the right. 
Then divide the factors on the right by the factors standing with the 
Ane, on the left ; which in effect divides each side of the equation by 
the same factors. 

Ex. 13. IfB men in 6 days of 6 Iiours each can mow 20 acres, how 
many acres can he mowed hy \2 men in 4 days ofW hours each f 

Here the 8 men worked for 5 times 6 hours or 30 hours in all : and 
the 12 men worked for 4 times 11 hours, or 44 hours : the hourly work 
therefore of the 8 men will be repeated 30 times, and that of the 12 
men, 44 times : not multiplying up these factors however, for the con- 
venience of cancelllog, we write 

8 men x 5 dys. x 6 hrs. : 12 men x 4 dys. x 11 hrs. : : 20 acres : Ans, acres, 

8 X 5 X 6 X Ans. » 12 x 4 x 11 x 20, 



Ans, = 



2 4 

\!^y ^x 11 x!^ 



= 44 acres. * 

Ex. 14. If goods weighing 17 ton be conveyed 60 miles on a railroad 
for £12 „ 15s,f how far on a canal may goods weighing 11 ton be carried 
for £8 „ 5s, f it being supposed that the rate of carriage is half as much 
again by rail as by water. 

In this case there is no ** living agent" : but the sum of money paid 
for carriage depends on (1st) the weight carried, (2nd) the distance. 
The weight and the distance are therefore the causes of the payment of a 
certain sum of money the effect. 

Also, as the rate by rail is 1^ times the rate by Wftter« the goodft 
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which cost £8 „ 68. by canal, would haye cost £8 „ 5«, + £4 „ 2s. „ 6d. 
or £12 „ 70. „ 6d.f by railway : hence 

17 ton X 60 miles : 11 ton x Ans. miles : : £12f : £12|. 

--- X 11 X Ana, = 17 x 60 x — - 
4 8 

9 

^n. = Wx60x|xA,^^ 

2 3 
60x9 
"^ 2x 3 

e 90 miles. 

Obs. The use of fractions will usually be found to render the work- 
ing of sums in ''Rule of Three" much shorter than the process of 
bringing the various terms to their lowest denomination. 

Ex. 15. If IS men working 9 ?iour8 a day take 6 days to build a stone 
wall 90 yards long, 10 feet 6 inches high, and 1 foot 4 inches thick, how 
many weeks will it take 17 men working 11 hours daily to build such a 
wall 2120 feet long, Sfeet 3 inches high, and I foot 9 inches thick? 

Here observe that the first set of men work 6 days, the other set an 
unknown number of weeks ; therefore if we find the answer in days, we 
must afterwards bring that result into weeks. Also, that the first wall 
was 90 yards long, the second 2720 feet ; therefore we must reduce 
these to the same denomination, and multiply the 90 yards by 3, to 
bring them into feet. Further, that instead of reducing all the dimen- 
sions to inches, we write the inches as fractions of a foot. 

18 X 6 x 9 : 17 X Ans. x 11 : : (90 x 3) x lOJ x H - 2720 x 8i x IJ, 

21 4 *IS 7 

17 x Ans. xllx90x3x--x- = 18x6x9x 2720 x -- x 4 , 

2 o 4 4 

10 n 

Ans. ^ IS K 6 x^x^1!^^x^x-x^x -Lxixix-^x- 

^'^ \ ^ XX 11 % 5^ !^X i^ 

10 3 2 

=5 18 X 6 X J 

= 64 days, 

and as they must be supposed to work only 6 days in the week, the 
answer wiU be 9 weeks. 
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§91. The questions given in proportion are not always set in these 
perfectly simple terms; sometimes both care and ingenuity are re- 
quired to prepare the question, before it is stated as a proportion. We 
shall accordingly now proceed to give examples where the questions 
are not put exactly in the straightforward manner in which the 
previous examples have been given; yet we shall show that a little 
previous consideration will enable us to reduce each question to a 
plain proportion. 

Ex. 16. 1/12 oxen and 35 sheep eat 6 tons 7 cwt, of hay in ^days, 
how much will it cost per week to feed 4 oxen and 6 sheep^ the price of 
hay being £3 „ 15s, per ton, and 2 oxen being supposed to eat as much 
as 5 sheep f (S.-H., 1 Nov., 1851). 

If the consumption of 2 oxen = th&t of 5 sheep, 

then 12 = 30 , 

and 4 = !0 

Also the cost of 6/^ tons of hay at £3} per ton will be 

• 3 
127 X^_.381 

4 

Hence the question becomes "If it cost £^^ to feed 30 sheep + 35 sheep 
for 4 days, how much unU it cost to feed 10 sheep + 6 sheep for 7 days ?" 

381 
65 X 4 : 16 X 7 : : -~- : Ans,, 

16 

65 X 4 X Am, = X^ x 7 x -— - , 

Ans, = 7 X 381 x ;-- x - 

65 4 

_ 2667 
260 

= £10 „ 5». „ \\\d, 

Ex. 17. If a piece of work can be done in 50 days by 35 men working 
at it together, and if, after working together for 12 days, 16 of the men 
were to leave the work ; find the number of days in which the remaining 
men could finish the work. (S.-H., Jan., 1851). 

n 
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If the 35 men could do the work in 50 days, they do /{^ daily; and 
in 12 days they do j}, and leave ff undone; and this is finished by 
35-16 men, t.0. by 19 men in an unknown tune. 

Hence the question becomes " If 35 men can do H of apiece of work 
in 12 daySf hew many days will 19 men take to do ^ of the work f" 

12 38 
95 X 12 : 19 X Ans. :: ^:^ 

50 50 

: : 12 : 38, 

19 X 12 X Ana. «= 35 x 12 x 38, 

. 35 X 12 X 38 

AnS. ■« r-r rrr 

19 X 12 

« 35 X 2 

« 70 days. 

Ex. 18. If 15 men, 12 women, and 9 hoy$ can complete a piece ef 
work in 50 days, what time would 9 men, 15 women, and 18 hoys take 
to do four times as much, the parts done by each in the same time being 
as the numbers 3, 2, 1 f (S.-H., March, 1851). 

Here we may convert the agency of the men and the women into 
that of boys, and say 

if the work of 1 man e that of 3 boys, 

then 15 men = 45 , 

also 12 women = 24 

Hence the first set of workers were equivalent to 45 4 24 + 9 boys, or to 
78 boys; similarly the second set were equivalent to 27 + 30 + 18 boys, 
or to 75 boys. Hence the question is reduced to this : " i/* 78 boys 
complete a piece of work in 50 days, how many days will 75 boys take 
to do four such pieces of work f* 

78 X 50 : 75 X Ans. : : 1 : 4, 

Ans. X 75 - 78 X 50 X 4, 

2 

. 78 X W X 4 
Ans, « 5= 

3 

= 26 X 2 X 4 

c= 208 days. 
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Ex. 19. If the rate of wages depend upon the price of wheat, and 
18 men working for 4 weeks receive £43 „ 4*. when wheat is 64 shillings 
a quarter ; find the price of wheat when 16 men working for 5 weeks 
obtain £67 „ 10«. 

Since 18 men in 4 weeks receive £43 „ 4«. or 864 shillings, it follows 
that the weekly wage of each man was 

864 

islTi'"''^'- 

Also in the second case the weekly wage was 

1350 135 



or less, hence 



16 


x5'°' 8 ••' 


r or 


lower 


as the pri 


12: 


135 

8 •• 


64 : Ans., 


12 X 


' Ans, 


135 ® 




Ans. 


135x8 
12 

-90«. 



Ex. 20. Four men working 8 hours a dag take 22 days to pave a road 
440 yards long and S5feet broad: how many days unllfour men, two 
of whom work 8 hours and two 10 ?Murs a day, take to pave a road 
1675 yards long and Z% feet 6 inches broad f (S.-H., Jan., 1855). 

Here the latter set of four men worked two for 8 and two for 
10 hours a day; therefore on the average they worked for 9 hours 
a day; and we have 

4 x 22 X 8 : 4 X Ans. x 9 : : 440 x 3 x 35 : 1576 x 3 x 36^, 

73 
4 X Ans. x9x440x3x35b4x22x8x 1570 x 3 x ^, 

45 
g{x8xXlTOx3 73 

^^•" 9x^x3xl« "" 2 
20 

^ 8 X 45 X 73 
9x20x2 

■ 73 days. 
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Ex. 21. One horse is a power which can raise 33000 lbs. through 
Ifoot in 1 minute ; what must he the horse power of an engine in order 
to raise 4125 tons through 3 yards in 7 hours? 

Since the given unit of power is the effort requisite to raise 33000 lbs. 
through the space of afoot in a minute of time, to raise 33000 lbs. through 
3 yards would be to raise 33000 lbs. through 9feet^ or would be to raise 
a weight equivalent to 9 times 33000 lbs, through 1 foot in a minute. 

Hence expressing 4125 tons as lbs., and 7 hours as minutes, we have 

horse znin. horses minutes lbs. foot lbs. feet 

1x1: Ans. x (7 x 60) : : 33000 x 1 : (4125 x 20 x 112) x 3 x 3, 

Ans. X 7 X 60 X 33000 = 4125 x 20 x 112 x 3 x 3, 

4125 X 20 X 112 X 3 X 3 



Ans, 



7 X 60 X 33000 
6 horses. 



Ex. 22. If 60 cannon which fire 5 rounds in 8 minutes kiU on an 
average 350 men every 75 minutes, how many cannon firing 7 rounds 
in 9 minutes will kill 980 men in 25 minutes f 

Each of the first set of cannon which fired 5 rounds in 8 minutes, 
fired one round in f of a minute ; similarly each of the second set fired 
one round in ^ of a minute. Hence 

60 X |x 75 : Ans. x ^x 25 : : 350 : 980, 

O V 

Ans. X 5 X 25 X 350 = 60 X - X 75 X 980, 

^„,.-60x|x76x980x?xlx3L 

a 405 cannon. 

Ex. 23. If the sixpenny loaf weigh 4*35 lbs. when wheat is at 5*75«. 
per bushel, what ought to be paid for 49'3 lbs. of bread, when wheat is 
ISAs, per bushel t 

Wheat at 5*75 gives 4*35 lbs. for Sd., 
^^^- '" f35^- 



Wheat at 18*4 gives 49*3 lbs. for Ans. d.. 
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and the price per lb. is greater or less according as the price per bushel 
is greater or less ; hence 

6-75 : 18*4 : : ---r : --— - , 
4-35 49-3 * 

_ ^_ jins, 6 

5-76 X TTT^ = 18*4 X 



49-3 4-35 ' 

f) 1 

Ana. = 18'4 x — -- x 49-3 x 



4-35 6 75 

_ 184x6x493 
436 X 6-76 

544272 
*" 2501-25 

a 217-6 pence 

= 18». „ Id. „ 2ifar. 

Ex. 24. "If eight best variegated silk scarfs, measuring each three 
cubits in breadth and eight in length cost a hundred nishcas ; say quickly, 
merchant, if thou understand trade, what a like scarf, three and a half 
cubits long and half a cubit wide, will cost, in terms of drammas, pannas, 
cacinis, and cowry-shells f " 

(One nishca s 16 drammas, one dramma = 16 pannas, 
► one panna =» 4 cacinis, one cacini = 20 cowry-shells). 

(S.-H., Feb., 1857). 

soarfs cubits enbits Boarf cubits cubit nishcas zusbcas 
8 X 3 X 8 : 1 X 3J X J : : 100 : Ans., 

7 1 
Ana. x8x3x8 = -x -x 100, 

2 2 

. 7 1 25 1 1 J 

^n,. = -x-xXWx-x-Xg 

2 

175 ., 
= r-r- nishca. 
192 ^* 

and the value of {H of a nishca is 14 drammas, 9 pannas, 1 cacini, 
6ff cowry-shells. 

The example just given will be found in Colebrooke's Trcmslation 
from the Sanscrit of Bhascara's Zikvati, and from the same source the 
following is taken : 
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Ex. 25. ^^If the hire of carte to convey thirty benches twelve fingers 

thick, the square of four toiile, and fourteen cubits long, a distance of one 

league he eight drammas, tell me, my friend, what should be the cart-hire 

far bringing fourteen benches, which are four less in every dimension, 

a distance of six leagues f** 

(Four times six fingers are a cubit). 

ben. thick width length leag. ben. thiok width length leagae drainnuM 
30 X 12 X 16 X (14 X 24) X 1 : 14 X 8 X 12 x{10 x 24) x 6 :: 8 : Ans., 

Ans. X 30 X 12 X 16 X 14 X 24 X 1 s 14 X 8 X 12 X 10 X 24 X 6 X 8, 

14 X 8 X 12 X 10 X 24 X 6 X 8 



Ans. 



30 X 12 X 16 X 14 X 24 
8 drammas. 



{92. There are a certain class of questions in which the terms so 
depend upon one another, that any increase in the one produces a pro- 
portional decrease in the other. These questions are commonly classed 
under a separate rule, called " The Rule of Three Inverse.'' A large 
number however of the questions ordinarily placed under this rule, may 
be solved with greater ease by the method indicated above; all those 
at any rate where the work done, ». e. the effect produced, is the same 
in both cases. When such instances occur, we shall represent the ratio 
of the first efiect to the second efiect by 1:1. We shall illustrate this 
by the following examples : 

Ex. 26. If\% men perform a piece of work in 7 days, how many men 
will perform it in 21 daysf 

Here the work done is the same in each case; without therefore 
enquiring whether the number of men must be greater or less who 
would take 21 days to do it, we state 

men days men days 
18x7 :^n«. x21 :: 1 : 1, 

Ans. X 21 = 18 X 7, 

18x7 

^'*'- = "2r" 

= 6 men. 

Ex. 27. If a person can travel a certain distance in 14 days when 
the days are 9 hours long, how many days will he take to travel the same 
distanee when the days are 12 hours long f 
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days hoars days hoars 
]4x 9 iiAns. X 12 :: 1 : 1, 

Ans. X 12 = 14 X 9, 

14x9 
^^• = -12- 

= 10} days. 

Ex. 28. If I lend a friend £200 for 15 months^ far how long ought 
he upon another ocaieion to lend me £300 to requite the obligation f 

Since the obligation is the same in both cases, we have to enquire 
in how many months the interest on £300 is equivalent to the interest 
on £200 for 15 months. Hence 



200 X 15 


:300: 


K Ana, : : 1 : 1, 


An^, 


x300 


= 200 x 15, 




An». 


200x15 
300 

= 10 months. 



Sometimes however there are cases which require further explana- 
tion. These are cases in which more of one kind requires less of another ; 
where if one quantity be doubled the other must be halved. For instance, 
when the size of the loaf depends upon the price of wheat, if the price 
of wheat be doubled, the |^e of the loaf is halved : if the price of wheat 
be trebled, the size of the loaf would be one-third of what it was origi- 
nally. In stating such a sum we must be very careful not to write 
the greater : the less : : the less : the greater ; for " four quantities are 
proportional when the first is the same multiple, part, or parts of the 
second that the third is of the fourth ;" therefore according as the greater 
or less quantity is placed as the antecedent in the first ratio, so in the 
second ratio we must be careful to arrange the greater or less quantity 
likewise for the antecedent Thus when we have ascertained that more 
of one quantity requires less of another, and have arranged as the first 
and second terms of the proportion those two which are quantities of 
the same kind, it will then only be necessary to remember that of the 
next two terms we must put in the third term of the proportion the 
greater, if the first term be greater than the second, or the leas, if the 
first term be lees than the second. We now add examples to illustrate 
this, although as the proportion is always necessarily direct^ we demur 
to the name of << The Rule of Three Inverse." 
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Ex. 29. When wheat wm at 16s. the hushel, the two penny loaf 
weighed 1^ ounces ; what should be the weight of the loaf when wheat 
is at 9s, f 

Here the higher the price of wheat, the smaller the loaf; so if we 

take the two prices for the first ratio, and arrange them 16 : 9, placing 

the greater for the antecedent, we must then arrange the two weights 

for the next ratio, likewise placing the greater for the antecedent ; but 

the greater weight is that when wheat is cheaper, i,e. is the unknown 

number of ounces which is the answer ; hence 

oz. oz. 
16s. i9s. :: Ans. : 7^, 

15 
9 X Ans. = 16 X — , 

Ans. = Id X -— X — 
2 9 . 

e= 13| ounces. 

Had we arranged the first ratio 9:16, placing the smaller price as the 
antecedent, we then should have said that the smaller weight was that 
when wheat was dearer, and placing the smaller weight as the ante- 
cedent of the second ratio, should have stated 

9: 16:: 1^ : Ans. 
from which we should have obtained the same result. 

Ex. 30. Supposing the length of the English mile to he to that of the 
jRoman mile as 11 : 10, and that a Roman army could march for 8 hours 
daily at the average rate of 2| miles per hour ; how many English miles 
would a Roman army march in 11 days f 

This is in other words to enquire how many English miles are con- 
tained in 8x^x17 Roman miles. Now the English mile is the 
greater in length : therefore in the same distance there will be a smaller 
number of English than of Roman miles. Therefore 

the number of Eng. miles : the number of Rom. miles :: 10 : 11, 

^««. :8xHxl7::10:ll, 
4 

Ans. X 11 = 8 X -7- X 17 X 10, 

4 

Ans. =8x--xl7xlOx — 
4 11 

« 340 English mQes. 
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Ex. 31. A heap of corn when measured with the imperial bushel woe 
found to contain 462 bushels ; what would be the result if it were measured 
with the old Winchester bushel, supposing that the Winchester bushel 
contains 7*7 gallons, and the imperial bushel 8 such gallons t 

The stnaller the measure which is used, the greater the number of 
bushels which will result ; that is to say there will be a greater number 
of Winchester bushels and a smaller number of imperial bushels in the 
same heap; hence 

the smaller the larger the smaller the larger 
7-7 : 8 :: 462 : Ans., 

7-7 X Ans. = 8 X 462, 

8 X 4620 



Ans. - 



77 
8x420 



7 
b8 X 60 
s 480 Winchester bushels. 

Ex. 32. If in a piece of gold 22 carats fine there be 27 ounces of 
alloy, what weight of alloy would there be in the same sized piece of 
gold that was only 18 carats fine t 

The unit of gold is divided into 24 .equal parts, called carats; then 

pure gold being called 24 carats fine, gold 22 carats fine is 22 parts 

pure gold and 2 parts alloy; gold 18 carats fine is 18 parts pure gold 

and 4 parts alloy. In England standard gold is 22 carats fine, and 

jeweller^ s gold is 18 carats fine. Hence 

larger smaller larger smaller 
22 : 18 : : Ans. : 27, 

18 X Ans. » 22 X 27, 

22 X 27 

Ans. = 

18 

K 33 ounces alloy. 

Ex. 33. "If a female slave 16 years of age bring thirty^two nishcas, 
what will one aged 20 cost f If an ox which has been worked a second 
year seU far four nisheas, what will one which has been worked six years 
eostr* 
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The price of slayes and cattle being regulated by their age, and the 
maximum value of female slaves being fixed at 16 years, and of oxen 
after 2 years work, the price of the older will be less, and of the younger 

ffreater. Hence 

lew greater less greater 
16:20::^iM. :32, 

20 X Ans. « 32 X 16, 

Ans. - 25f nlshcas. 

less greater less greater 
2 : 6 : : Ans, : 4, 

6 X Ans. a 8, 

Ans. = 1} nishca. 



EXEBCISE 13. 

1. If a score of sheep cost X43, what would be the price of a flock of 
8580 sheep ? 

2. What would be the price of 7632 articles at ^Id. for every 144 
of them ? 

3. If 1 cwt „ I qr. cost £3 „ Zs^ „ 4 J., what is the cost of 15 cwt „ 
2 qrs. „ 3 J lbs. ? 

4. If 1| lb. cost 4<f., find the price of 2 tons „ 8 cwt. 

5. What will be the cost of 2^ tons of merchandise, if 3 cwt. „ 27 lbs. 
cost £35 „ 18«. „ \0d. ? 

6. If f of an Estate be worth 1000 guineas, what will be the worth 
of -75 of it ? 

7. A bankrupt's debts amount to £739 „ 10«., and his assets to 
£640 „ 18ff. ; how much in the pound can he pay? 

8. When a bankrupt's debts are £204 „ 16«., and he pays 17«. „ Qd. 
in the pound ; what are his assets ? 

9. If with assets amounting to £603 „ I5s. a bankrupt pay his 
creditors 14«. „ 4id. in the pound; what were his debts? 

10. A bankrupt's assets are £225, out of which he pays 6s. in the 
pound on half his debts, and 4«. on the other half; find the amount of 
his debts. 

11. A creditor receives upon a debt of £272 a dividend of lis. „ 6d. 
In the pound; afterwards he receives a further dividend upon the de- 
ficiency of 3s. „ 9d. in the pound ; what does the creditor receive on the 
whole ? 
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12. Given that the diameter of a circle is to the circumference as 

1 : 3*1425 ; find correctly to the thousandth part of an inch the circum- 
ference of a circle whose radius is 2*1 feet. 

13. A gig is proceeding at the rate of 8 miles per hour; the diameter 
of its wheels is 4 feet; find the number of revolutions made by them in 
the course of one mile, assuming that the circumference of a circle 
: diameter : : 22 : 7. 

14. If the cost of mowing a 3-acre field be 28«. „ 6d., what must be 
paid for mowing 45 acres „ 3 roods „ 20 poles P 

15. A field is 121 yards long and 86 yards broad; what is its value 
at £80 per acre ? 

16. The removal of a quantity of brick earth 29 square yards in area 
and of a uniform depth of 4 yards cost £3 „ lis, „ 4d ; what is the cost 
of the removal of a cubic yard ? 

17. K4'4 articles cost £2*86, what is the value of 7*375 such ? 

18. If 3 cwt. „ 3 qrs. „ 27 lbs. cost £5 „ 16«., what will be the price 
of 5 cwt. „ 2 qrs. at the same rate P 

19. If 2*856 lbs. cost £*2884, find in pounds, florins, cents, and mils 
the price of 49*47 lbs. 

20. If 5 yards „ 7 inches cost £3 „ Ids., what will 23 yards „ 1 foot 
cost? 

21. If 3 cwt „ 3 qrs. cost £6 „ 16«., what will b^ the price of 

2 cwt „ 2 lbs. ? 

22. If 27 sovereigns weigh 3341*25 grains, how many lbs., oz., &c. 
will 1000 sovereigns weigh ? 

23. If 17 ells, each containing 5 quarters, cost £6 „ 17ff., how much 
will 18 yards cost? 

24. If a pole 10 feet high cast a shadow 12 feet „ 8 inches long, 
how high is a tower whose shadow at the same time is 57 feet 
long? 

25. If one tower known to be 99 feet high cast a shadow 73 feet „ 

3 inches long ; what length of shadow will another tower 108 feet high 
cast at the same time P 

26. Find a number which shall bear to 8 the same ratio which 7 
does to 4. 

27. Find a fourth proportional to 39, 741, and 19. 

28. Find a number which shall bear to 15*84 the same ratio which 
5*28 bears to 3-71. 

29. Find a fourth proportional to f , {, and Z^. 
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30. The estimated rental of a Parish amounts to £1750, and a rate 
is levied of £32 ,, 16«. „ 6d, ; what is the rate in the pound ? 

31. In a town whose rateable value is estimated at £66640, a rate is 
levied oi 9d, in the pound; what amount of money will the rate produce ? 

32. If I give 1 florin „ 2 cents „ 5 mils for *0875 of a ton ; how much 
can I buy for £3 „ 10«. „ 6a. ? 

33. If a watch gain 3 seconds every 6 hours, how much will it gain 

in a week ? 

11 

34. If i of A of a lottery ticket be worth £17if , what would ^-^ 

of such a ticket sell for ? 

35. If after paying an income-tax of 5d, in the pound the remainder 
of a person's income be £551 „ 4«. „ Id. ; what was the gross income ? 

36. If a person's gross income of £785 be reduced after paying an 
income-tax to £762 „ 2«. ,, Id,; what was the tax in the pound? 



37. If 9 men reap a field of 8 acres in 12 hours, how many men will 
reap a field of 28 acres in 18 hours ? 

38. If 5 persons can be kept 4 weeks for £14, how long may 
7 persons be kept for £21 ? 

39. If 7 men can reap 6 acres in 12 hours, how many men will reap 
15 acres in 14 hours ? 

40. If 10 men can reap 20 acres of com in 4 days, how many men can 
reap 70 acres in 10 days? 

41. If a man can reap 345 f square yards in an hour, how long will 
7 men take to reap a field of 6 acres ? 

42. If with a capital of £3000 a tradesman gain £300 in 7 months, 
with what capital would he gain £60 „ 10«. in 11 months? 

43. If 100 men make 80 yards of a road in 6 days, how many men 
will be required to make 50 miles of road in 150 days? 

44. If 1 100 men make 10 miles of railroad in 3 months, how long 
will it take 2750 men to make 75 miles? 

45. If 84 men eat 126 lbs. of meat in 9 weeks, what supply of meat 
will be sufficient for 70 men during 6 weeks and 3 days ? 

46. If 7 men earn £9 „ lOs, „ 6d, in 10| days, what sum will 28 men 
earn in 31^ days? 

47. If 1 1 cwt. be carried 12 miles for 2U., how far can 36 cwt „ 23 lbs. 
arricd for £5 „ 58. ? 
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48. If 6 men working 8 hours a day cut a ditch of uniform depth, 

4 feet wide and 20 yards long, in 10 days ; how many hours a day must 
220 men work in order to cut a ditch of the same depth, 5 feet wide and 
half a mile long, in 18 days ? 

49. If 5 men can reap a rectangular field whose length is 800 feet 
and breadth 700 feet in 8 J days of 14 hours each ; in how many days 
of 12 hours each can 7 men reap a field whose length is 1800 feet and 
breadth 960 feet? 

50. If 15 masons working 10 hours a day can build a wall 6 feet high 
and 200 yards long in 6 days, how long will it take 7 masons working 

9 hours a day to build a wall 9 feet high and 140 yards long ? 

51. A garrison of 4000 has provisions for 5^ months ; how long will 
the provisions last the garrison if reduced to 3000 ? 

52. Find the weight of water in a bath 6 feet long, 3 feet wide, 
and 1 foot 9 inches deep, the weight of a cubic foot of water being 
62 lbs. „8oz. 

53. A piece of cloth 5 times as long as broad costs £19 ; supposing 
the price of the cloth to be 4«. „ 9d. a square yard, find the dimensions 
of the piece. 

54. The driving wheel of a locomotive engine 5 feet in diameter 
turned 2500 times in going 6 miles ; supposing the circumference of a 
circle to be 8*1416 times the diameter, find what distance was lost, 
owing to the slipping of the wheel on the rail. 

55. If 5 men can reap a field the length of which is 1400 feet and 
the breadth 400 in 3 days of 14 hours each, in how many days of 
12 hours each can 7 men reap a field 1600 feet long and 700 feet 
broad P 

56. A garrison of 1000 men was victualled for 30 days. After 

10 days it was reinforced, and then the provisions were exhausted in 

5 days. Of how many did the reinforcement consist ? 

57. If 50 men can make a wall 3 miles long in 60 days, working 
12 hours a day, how many hours a day must 80 men work to finish a 
wall 4 miles long in 40 days ? 

58. If 35 men do a piece of work in 24 days, how long will 2f of 
that number do a piece of work 7| times as great, supposing the second 
set of men to be twice as quick workmen as the first, but only to work 
a third as long in the day ? 

59. ** The price of a hundred bricks of which the length, the base, 
and breadth are respectively sixteen, eight, and ten is settled atQdinSrai, 
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We baye received a hundred tlioasand of other bricks, a quarter less in 
every direction; say what ought we to pay ?" 

60. " Two Elephants which are ten in length, nine in breadth, thirty- 
six in girt, and seven in height, consume one drona of grain ; how much 
will be the rations of ten other Elephants, which are a quarter more 
in height and other dimensions?" 

61. If 72 men dig a trench in 63 days, in how many dajrs will 42 men 
do the same ? 

62. If 1 2 men can reap a field in 4 days, in what time can the same 
work be done by 32 men P 

63. What weight ought to be carried 25} miles for the same sum for 
which 3 cwt are carried 40 miles ? 

64. How many yards worth 8«. „ 'i^d, per yard must be given in 
exchange for 935} yards worth ISs, „ I id, per yard ? 

65. If a man walking 7 hours a day finish his journey in 9 days, in 
how many days could he have finished it if he had walked 10 hours in 
the day P 

66. 11 6 persons in a tour of 3 months spend £365, how long may 
9 persons reckon that the same sum will last them ? 



67. If 8 ounces of bread are sold for 6d. when wheat is £15 a load, 
what should be the price of wheat per load when 12 ounces are sold 
for 4d. P 

68. A person is able to perform a journey of 142-2 miles in 4} days 
when they are 10*164 hours long ; how many days will he be in travelling 
605*6 miles when the days are 8*4 hours long P 

69. The solid contents of a sphere being f of f |f of a cube, the side 
of which is the radius of the sphere, and a cubic foot of iron weighing 
450 lbs., find the diameter (in inches, tenths of an inch, &c.) of a 68 lb. 
cannon ball. 

70. If gold can be beaten out so thin that a grain will form a leaf 
of 56 square inches, how many of these leaves will make an inch thick, 
the weight of a cubic inch of gold being 10 oz. P 

71. K either 5 oxen or 7 horses will eat up the grass of a field in 
87 days, in what time will 2 oxen and 3 horses eat up the same P 

72. As there is always a constant expense in making bread, it is not 
strictly correct to make the weight of the loaf larger or smaller in the 
same proportion that the price of wheat falls or rises ; hence, if the cost 
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for grinding and baking amount to 28. per bushel of wheat, what is the 
price of wheat when the 4c?. loaf is twice as large as it would be if wheat 
were 80«. per quarter ? 

73. Supposing the cost of digging a trench to depend upon the depth 
to which it is sunk as well as the quantity of earth taken out, and that 
the cost of digging a trench 8 feet broad by 8 feet deep is 9d. per yard ; 
what would be the cost of digging a trench 120 yards long, 5 feet broad, 
and 10 feet deep ? (S.-H., Jan., 1861). 

74. At the siege of Sebastopol it was found that a certain length of 
trench could be dug by the Soldiers and Navvies in 4 days, but that 
when only half the Navvies were present it required 7 days to dig the 
same length of trench. Shew that the Navvies did six times as much 
work as the Soldiers. (S.-H., Jan. 1, 1861). 

75. If 25 men can do as much as 40 boys in a day, how many days 
will it take 64 boys to finish a piece of work which 30 men did half of in 
32 days ? 

76. If the work done by a man, a woman, and a child be in the ratio 
of 3, 2, 1, and there be in a factory 24 men, 20 women, and 16 children 
whose weekly wages amount to £20 „ 88. ; what will be the yearly wages 
of 27 men, 40 women, and 15 children ? 

77. Ten excavators, such as are usually employed in digging iron 
ore, can dig out 12 loads of earth in 16 hours, while 12 other common 
excavators, less powerful than the former, dig out only 9 loads of earth 
in 15 hours; it is required to find in what time they will conjointly dig 
out 100 loads of earth. 

78. Two persons agreed to pay £81 for the use of a certain tract of 
pasture meadows for 10 months; the first put on 27 oxen for 3 months, 
the second 270 sheep for 7 months ; supposing the feed equally good 
throughout and that 3 oxen eat as much as 11 sheep, how much of the 
rent ought each to pay P 

79. If in the backwoods 3 waggons with a team of 3 oxen in each 
cost £195 „ Q8.J and 4 waggons without oxen cost £84 „ 6«. Sd,', sup- 
posing the emigrant wished to buy the 3 teams of oxen only without the 
waggons, what ought he to give for them ? 

80. A barters some sugar with J?, for flour which is worth 2«. „ Zd, 
per stone, but in weighing his sugar uses a false stone weight of 13| lbs. ; 
B on discovering this says nothing, but raises the price of his flour; what 
value should B set on his flour that the exchange may be fair ? 
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CHAPTER XIL 

F&OPORTIONAL PABTS. 

§93. As in some sort a sequel to the rule of proportion, we place 
next the method of finding, by proportional parts, into what portions 
any quantities shoold be divided, when the ratio which the several re- 
quired parts bear to one another is given. Most questions under this 
head might be solved by making several statements in proportion ; but 
the simpler process by which the result may be arrived at will now be 
explained. 

Ex. 1. Let it be required to divide tJie number 65 into two parte which 
shall bear to one another the ratio o/6 : T, 

We have here to find two numbers which shall together make up 65, 
and shall be in the ratio of 6 : 7. 

Now we may either say that the first of the two numbers in the 
given ratio is to the sum of those two numbers as the first of the re- 
quired parts is to the whole number 65; which would give us the 

statement 

6:13:: Ans. : 65, 

13 X Am. := 6 X 65, 
Ans. = — X 65 

= 30, 

or we may more directly apply the following rule: "Form fractions 
which shall have the numbers composing the given ratio as the re- 
spective numerators, and the sum of these numbers as the common 
denominator; take these fractional parts of the proposed quantity; 
they will be the parts required." This would give us 

:^ of 65 = 6 X 5 - 30, 
:^ of 65 « 7 X 6 = 35, 
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The reason of the above rule may be thus explained: ^ and f^ are 
clearly in the ratio of 6 : 7 ; as likewise are ^^ of 65 and ^^3 of 65 ; for 
we may multiply and divide both the terms of any ratio by the same 
quantities without thereby altering the value of the ratio. Again ^ 
added to ^ make jf , or 1 ; therefore fs o^ ^^ added to fs of 65 will 
make 65. But the conditions of the problem before us only required 
that we should find two numbers which were in the ratio of 6 : 7, and 
which when added together would make 65. Hence 1^ of 65 and ^3 of 
65 are the numbers required. 

Ex. 2. Divide 1065 into parts which shall he to one another in the 
ratio of 3, 6, 7. 

The fractions are — , j^> j^* 
and ^ of 1065 = 3 x 71 « 213, 

ID 

4 of 1065 = 5 X 71 - 365, 
15 

1- of 1065 = 7 X 71 « 497. 
15 

Ex. 3. Divide the sum of £47 „ lOs, „ Id, among 3 persons in the 

ratio of i, J, J. 

1 1 1_ 13 

2"*" 3 ^4* 12' 
113 6 

Therefore the fractions are 9 -^ To » ®' Tq » 

113 4 
3 • 12' °'l3' 

1 13 3 

4"" 12'''' 13' 

, 6 
and — of £47 „ 10». „ Irf. = 6 x (£3 „ 13». „ \d.) = £21 „ 18«. „ 6rf., 

— of £47 „ 10«. „ Irf. - 4 X (£3 „ 13«. „ Id.) - £14 „ 12«. „ Ad, 

i of £47 „ 10«. „ Irf. « 3 X (£3 „ 13». „ Id.) = £10 „ 19«. „ Zd. 

U 
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Ex. 4. Gunpoicder %$ made up of mtrB^ tulphuTf and ehareoal, which 
are mixed in thie proportion, 76 parte of nitre to 10 of eulphur and 16 of 
charcoal: in half a ton of powder how many pounde of each ingredient f 

75 + 10 + 15 T 100, and | ton » 1120 lbs. 

Hence -i^ of 1 120 » ^ of 1 1 20 « 840 lbs. nitre, 

100 4 

-^ of 1120 = J^ of 1120 = 112 lbs. sulphur, 
100 10 ^ 

^ of 1120= I of 112 = 168 lbs. charcoal. 

Ex. 5. Divide a legacy of £1187 ,» 12f. „ Id, among a eon, wife, and 
daughter, so that the 3on*$ share shall be thrice the wife's, and the daughter's 
share a third of the wife's. 

If 1 represent the daughter's share, the wife's share will be represented 

by 3, and the son's by 9. 

13 9 
Hence the fractions will be ~ , t^ , rr » 

lu itS 1(5 

and \ of £1187 „ 12«. „ Id. = £91 „ Is. „ Id. 

13 

Hence 3 times £91 „ Is. „ Id, or £274 „ Is. „ Zd. is the share of the 

wife } and 3 times £274 „ Is. „ 3d., or £822 „ Zs. „ 9d. the share of the son. 

Ex. 6. A Bankrupt surrenders his property, which is worth £336, 
to 3 creditors to whom he owes respectively £450, £560, and £670 ; share 
the property equitably among them. 

450 + 560 + 670 » 1^0. 
4'SO 45 

Hence r^of 336 = -^ x 336 = 45 x 2= 90, 

J^of 336 = -^ X 336 = 56 X 2 « 112, 
1680 168 

^ ol 336 = :^ X 336 = 67 x 2 « 134. 
1680 168 

Ex. 7. Afield of grass is rented by two persons for £27 ; the former 
keeps in it 15 oxen for 10 weeks, the latter 21 ozen for 7 weeks ; find the 
rent paid by each. 

The rent must be divided in proportion to the number of cattle and 
the number of weeks; the shares therefore will be in the ratio of 
15 X 10 and 21 x 7. 
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The fractions will be — n: and -—. 

297 297 

Hence ^ <^^ 27 = ^ = £13 „ 12«. „ Sd. „ 2li far., 

147 147 
«nd 297 ""^ ^^ " TT = ^^^ " '''• " ^' " ^ ^'^•^'"■• 

Ex. 8. At the heginning of the year A embarke in trade a capital of 
£3000 ; and at the end of 5 months takes into partnership B with a 
capital of £iOOO ; at the end of the year the profits are £594 „ 10». „ 8rf. ; 
how should they be shared between them f 

A\ share : ^s share : : 3000 x 12 : 4000 x 7 

:: 3x12:4x7 

and -- of £594 „ 10». „ Sd. = 9 x (£37 „ 3«. „ 2rf.) = £334 „ 8«. „ 6J. 
lo 

J- of £694 „ 10«. „ 8J. e 7 X (£37 „ 3«. „ %i,) = £260 „ 2«. „ 2rf. 

Ex. 9. If the sum ^ £1 „ 13«. „ 9c?. be divided among 13 men and 
19 boys, so that the share qf each man shall be to the share of each boy as 

2 : I, find what a boy*s share would be. 

The sum given to all the men would be to the sum given to all the 
boys as 13 X 2 : 19 X 1, or as 26 : 19. 

26 19 
The fractions would be -- and -— ; therefore 

45 4o 

1 19 

the share of one boy would be r^r of -— of £1 ,» 13^. i,9c?., 

19 45 

or rr of 405 pence, or 9rf. 

Ex. 10. ITie sum of £600 is to be divided among 24 men, 36 women, 
and 72 children, so that the shares of 2 men shall be equal to those of 

3 women, and each woman's share to the shares qf 2 children. What 
will be the share of each f (S.-H., Jan. 5, 1858). 

The shares of 24 men » those of 36 women, 

36 women = 36 , 

72 children a 36 ; 
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therefore all the shares are equiyalent to those of 108 women; therefore 
each woman gets £ -r^r^ « _ ^£5 „ lis. „ l^dL 

man ... 7; of-- = •— = JB8 „ 6s,,fSd. 

« 9 



1 'SO 2A 

chad ... ^ of ^ = ^ = £2 „ 15«. „ 6ld, 

Ex. 11. IfZ men and 4 hays can do as much work as 2 men and 
16 girls in the same time, and 4 men and 2 hoys as much as 12 boys and 
12 girls, how should a man who receives 44«. for a piece of work reward 
a hoy and a girl who have been helping him all the time f 

The work of 3 men + 4 hoys » that of 2 men + 16 girls, 

therefore lman+ 4 boys « 16 girls, 

whence 4 men +16 boys* 64 gurls. 

But from the question, we know also that 

the work of 4 men + 2 boys « that of 12 boys + 12 girls, 

therefore 4 men « 10 boys + 12 girls, 

adding to each side of this equality the work of 16 boys, we get 

the work of 4 men + 16 boys ^ that of 26 boys + 12 girls; 

therefore 64 girls ~ 26 boys + 12 girls ; 

therefore 52 girls » 26 boys ; 

therefore 2 girls « 1 boy. 

But 1 man + 4 boys «= 16 girls ; 

therefore 1.... «.... 8 girls. 

Consequently the work of a man, a boy, and a girl s that of 11 girls, 
and this would be paid for by 44«. ; 

therefore the girl should get 4«., 

the boy 8«., 

and the man should keep 82ff. for himself. 

Ex. 12, A hundred gallons of liquid contains 70 per cent, wine and 
the rest water. How much wine should he added, to raise the strength of 
the wine to 80 per cent f 
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The quantity of water is unchanged, and amounts to 30 gallons after 
the addition of the wine. 

The quantity of wine : the quantity of water : : 80 : 20, 

: : 120 : 30. 

But the water continues to be 30 gallons, while now the wine is 120 
gallons; therefore 50 gallons of wine have been added. 

Ex. 13. A guinea is divided hettoeen A, B, and C. The share which 
A gets is i of B*b share ; hut it is likewise f of B*b and Cs shares 
together, Sow was the guinea divided f 

A has the guinea - (J?'s share -f Cs share). 

But ^s share + Cs share is f of ^'s share ; 

therefore A^% share » the guinea - f of A*% share ; 

therefore ^ of ^'s share = the guinea. 

A*s share » f of the guinea »? 6«., 

jB's share = f of -4*8 share = f x 6 = 10«. ; 

therefore the remainder, which is Cs share, s 5«. 

Ex. 14. Hie price of gold is £3 „ 17«. „ \(i\d.per oz. ; a composition 
of gold and silver weighing 18 lbs. is worth £637 „ Is. : but if the pro- 
portions of gold and silver were interchanged, it would be worth only 
£259 „ 1«. Find the proportion of gold and silver in the composition^ 
and the price of silver per oz. (S.-H., Jan. 1, 1856). 

If the two lumps were added together, there would clearly be 18 lbs. 
of gold + 18 lbs. of silver, and the value of the two together would be 

£637 „ Is. + £259 „ \s. ;' 

therefore the worth of 18 lbs. of gold + 18 lbs. of silver = £896 „ %s. 

But =»18+(£3„17<.„10|rf.) = £841 „ U. 

therefore 18 lbs. of silver s £57 „ 7s. 

Hence the value of 1 oz. of silver will be found to be 6«. „ l\d. 

Again for the quantity : 
The difference in value of the two compositions is 

(£637 „ 7«.) - (£259 „ 1«.), or is £378 „ 6«. 

The difference in value of 1 oz. of gold and 1 oz. of silver, is 

(£3 „ 17«. „ lOJrf,) - {6s. lid.), or is £3 „ I2s. „ 9J. 
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And dividing £378 „ 6«; by £3 „ 12s. „ 9d., we find the former contains 
the latter just 104 times, the half of which is 52. 
In the first composition 

the quantity of gold is 9 lbs. + 52 oi., or IS lbs. „ 4 oz., 

sUver is 9 lbs. - 52 oz., or 4 lbs. „ 8 oz., 

when^ in that composition 

the quantity of gold : the quanti^ of silver : : 13 lbs. „ 4 oz. : 4 lbs. „ 8 oz. 

: : 160 oz. : 56 oz. 
: : 20 : 7. 

EXEBCISE 14. 

1. Divide the number 100 into two parts which shall have to one 
another the ratio of 2 : 3. 

2. Divide the number 45 into three parts which shall be to one 
another in the ratio of 7, 6, 3. 

3. Divide the number 2679 into parts which shall be to one another 
in the ratio of i, i, i. 

4. A person bequeathed £21463 „ Ss. to be divided between his two 
sons in the ratio of 3 : 5. What is the share of each P 

5. Divide the number 2848 into two parts which are to one another 

in the ratio of '2 : '34. 

6. There is a mixture of brandy, wine, and water : for every gallon 
of brandy there are 2| gallons of wine, and for every half-gallon of wine 
there is f of a gallon of water. In 123 gallons of the mixture, how 
much of each ingredient ? 

7. A person has four creditors; to the first he owes £624, to the 
second £546, to the third £492, and to the fourth £368. He fails, and 
runs away, and the creditors find the whole amount of property he leaves 
behind him is only £830 : how ought it to be divided amongst them P 

8. Three persons go into partnership, their several contributions 
being £235, £430, and £520; at the end of a certain time they find that 
their capital and gains amount to £1732 : what portion belongs to each P 

9. Three highwaymen agree to rob in company, and share the 
plunder ; but the first, being an older hand, says he shall claim twice as 
much as the second; while the second claims half as much again as the 
third. Out of a booty of £127 „ Is, how much does each get P 



PROPORTIONAL PARTS. 151 

10. Divide £31 between 12 men, 20 women, and 33 children, so 
that the share of each man, woman, and child shall be in the ratio of 
6, 3, 2. 

11. If I distribute 5 guineas among 3 applicants, for every sixpence 
that I give to the first, giving ninepence to the second, and fifteenpence 
to the third, what do I give to each P 

12. Three persons form a company, the first of whom contributes 
300 florins, the second 600 eanne of cloth, and the third 1200 lire of 
safiron ; they gain 900 florins, of which the first receives 60, the second 
360, and the third 380 ; what was the value of a canna of cloth, and of a 
lira of safi&on ? 

13. Three companions are in a ship, one of whom has a butt of 
Malvasia which holds 36 gallons, another one of Greek wine which holds 
24, the third one of the wine of Romania, which holds 40. By a violent 
movement of the ship the butts are upset, and the wine is spilt in the 
hold. The butts are afterwards replaced and filled with the mixture; 
what portion of each wine do they severally hold ? 

14. Four persons, a gentleman, an artisan, a barber, and a friar, 
make a pilgrimage in company, and spend 60 ducats; the barber agrees 
to pay 4 times as much as the friar, and 4 soldi besides ; the artisan 3 
times as much as the barber, and 16 soldi besides ; the gentleman twice 
as much as the artisan, and 10 soldi besides. What sum was paid by 
each ? (One Ducat » 20 Soldi.) 

15. ^ at the beginning of the year commences trade with a capital 
of £2580 ; at the end of 3 months he takes into partnership JB with a 
capital of £4420 ; at the end of the year the gain they had made was 
£2537 ; how was it to be divided between them ? 

16. The sum of £1000 is to be divided between 10 men, 32 women, 
and 48 children ; if each man's share is to be equal to the shares of two 
women, and the 32 women are to have twice as much as the 48 children, 
how much will the several individuals receive ? (S.-H., Jan. 4, 1859). 

17. The sum of £177 is to be divided among 15 men, 20 women, 
and 30 children, in such a manner that a man and a child together may 
receive as much as two women, and all the women may together receive 
£60. What will they respectively receive ? (S.-H., Jan. 3, 1860). 

18. If 10 men and 6 boys can do as much work as 8 men and 
24 girls; and 7 men and 9 boys as much as 60 girls; how many men 
must help 3 men, 5 boys, and 6 girls to do as much work as 5 men, 
3 boys, and 4 girls in the same time ? 
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19. The price of pure gold is £4 „ 28, „ 6d. an oz. ; the price of a 
mixture of gold and silver weighing 18 lbs. is £694 „ 13s., but if the 
weights of siWer and gold in the mixture were interchanged, the value 
would be £255 ,, 159. Find the weight and value of the silver in the 
mixture. 

20. The price of gold is £3 „ 17«. „ lOJc/. per oz. The price of a 
mixture of silver and gold weighing 18 lbs. is £171 „ 15«.; but if the 
weights of the silver and gold in the mixture were interchanged, the 
price would be £724 „ ISs. Find the portions of the silver and gold 
in the mixture, and the price of silver per oz. 

21. Supposing that a cubic inch of gold weighs 20 oz., and an equal 
bulk of silver weighs 12 oz. And a lump composed of gold and silver 
weighs 32 oz. less than if it were all gold, but 56 oz. more than if it were 
all silver ; what is its actual weight ? 

22. If the water in a mixture of brandy and water be i of the whole, 
and the addition of 40 gallons of water would reduce the strength to 
half and half; how many gallons were there originally in the mixture ? 

23. A hundred and twenty gallon cask is partially filled with wine 
and water, the proportion of wine being 75 per cent. The cask is then 
filled up with wine, and the wine is now i of the mixture. How much 
wine and how much water was there in the cask originally ? 

24. 40 per cent, of a mixture of wine and water is wine ; but when 
10 gallons of water are added, the wine is then only 35 per cent. How 
many gallons in all were there at first in the mixture ? 

25. A sum of money is divided among A, JB, and C, so that A has 
one-third of what JB and C together have ; and JB has one-half of what 
A and C together have. What portion of the whole has C ? 

26. Of a sum of money divided between A, B, and C, 

A^% share : j^s share : : 3 : 2, 
J^'s share : Cs share : : 3 : 4$ 

what portion had each ? 

27. If a cask contains 3 parts wine and 1 part water, how much of 
the mixture must be drawn o£f and water substituted, for the mixture 
in the cask to become half and half? 
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CHAPTER XIIL 

INTEREST. 

• §94. Def. Interest is the consideration paid for the use of money 
horrowed. / 

Def, When the Interest of the Principal alone is taken, it is called 
Simple Interest ; but if the interest, as soon as it becomes due, be added 
to the principal, and interest be charged upon the whole, it is called 
Compound Interest, 

Def, The Rate of Interest is the consideration paid for the use of 
a certain sum for a certain time; as of £100 for one year. 

Def, The Amount is the whole sum due at the end of any time, 
Interest and Principal together. 

* 

§95. The solution of questions in Simple Interest depends upon an 
easy practical rule, deduced from a simple proportion ; e,g, if it be re- 
quired to find the simple interest on £885 for 1 year at 4 per cent., we 
should say, * If £100 in one year gain £4 as interest, what will £885 
gain in the same time' ? 

£100:£885::£4:£^n»., 

100 X Ans. = 885 x 4, 

885x4 



Ans. = 



100 



Hence we deduce the Rule, viz. ** Multiply the Principal by the rate per 
cent, and divide by 100.'' It is therefore unnecessary to state each sum 
as a proportion, because the division by 100 being effected in whole 
numbers by cutting off with a decimal point the last two figures, and in 
decimals by shifting the decimal point two places to the leftt it is the 
easiest plan generally, instead of reducing the quantities by cancelling, 
to multiply the principal at once by the rate per cent, and then effect 
the division by 100. 

X 
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Ex. 1. Find the Simple Interest on, and amount of £2275 Jbr 
3 J years at 6 per cent 

2275 
5 



113*75 interest for 1 year 
3J 

341-25 
56-875 

398*125 interest for 3} years 
20 

2-500 
12 

6-0 

Hence £398 „ 2s, „ 6d. is interest required. 

and 2275 

398 „ 29. „ ed. 



£2673 „ 2s. „ 6d. amount. 

Ex. 2. TFTuit will £480 amount to in 3 pears and 3 months at 
£4 „ 3«. „ ^d, per cent, per annum Simple Interest f 

480 

4J 



1920 
80 



20,00 
therefore £20 is the interest for 1 year. 

20 

60 
5 

65 interest for 3 years and 3 months 
480 

£545 amount required. 

Ex. 3. Find Simple Interest on £600 for 2i years at 4} per cent. 
Fractions may be sometimes used with advantage. Thus in this case 

multiply the principal by the rate per cent, and the number ^f years, 

and divide by 100, simultaneously, using fractions. 
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600 X ^ X ^ X -^ 
2 3 100 

« 100 X 9 X 7 X — 

B3 63. 

Ex. 4. Find Simple IntereH on £2666 „ 13«. „ 4d for 73 (20^9 ai 
4 /i^ Ctfii^. 

2666f X 73 : 100 x 365 : : Ans. : 4, 

QAAA 

100 x 366 X ^iw. ---^ X 73 x 4, 

o 



jIiM. s 



16 

)E^x\[^x4 
3xXIWtx3W^ 

64 
" 3 

= £21 „ 6«. „ Sd. 

Ex. 5. JVm^ ^Atf i9tmp26 Jn^es^ upon £1277 „ 10«. yrom ^ 3U^ ^ 
March to the ^th of July, at 4 per cent. 

When interest is calculated from one date to another, leave out of 
the reckoning the^r^^ day named, but count the last. 

Thus, omitting the 3l8t of March, there will be in April 30 days, in 
May 31 days, in June 30 days, in July 4 days ; in all 95 days. 

Write £1277 „ 10«. as £1277-5, 

1277-5 
4 

5110*0 

therefore 51*1 is interest for 1 year, 

95 19 
and interest for 95 days will be 3^- , or =^ of this ; 

oo5 lo 

19 
therefore =^ of 51-1 = 19 x -7 

73 

-13-3 
« £13 „ 6». 
the interest required for the given time of 95 days. 
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Obi, Since to multiply by and divide by 100 is to multiply by ^i^ 
or /o> ^^ ^ sufficient in finding the Simple Interest on any sum at 5 per 
cent to take g^o^^ ?^^U of ^^ divide by 20. 

Similarly fj^ is ,^5, or to find the Simple Interest at 4 per cent 
divided by 25. 

0,g. If it be required to find the Simple Interest on £5050 for 
3 years at 4 per cent., we may perform the operation thus : 

25) 5050 

202 interest for 1 year 

(506 interest for 3 years. 

N.B. Do not multiply the Principal Jirst by the number of years, 
thin by the rate of Interest; but rather find the Interest for one year 
first, and then multiply that by the given number of years. 

£x. 6. What is the Simph Interest on £825 for 7 years and 97 days 
at2l per cent, f 

To multiply by 2} and to divide by 100 is to multiply by ^^ ; hence 

— X 825 = 20 Jf, interest for 1 year, 

20f- X 7 B 144}, interest for 7 years, 
and the interest for 97 days is a% 0^ £20f ; hence 

20„12„ 6 
12 



247,, 10 „ 
8 

1980,, 0„ 

20„12„ 6 

365) 2002 „ 12 „ 6 (5 
1825 

177 
20 



3552 (9 
3285 

267 
12^ 

3210 (8 
2920 

290 
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£ s. d. 

therefore 20 „ 12 „ 6 

26 „ 2 „ 2ff , interest. 

§96. When it is required to find what principal at any given rate 
"will amount to a certain sum in a certain time ; or at what rate, or in 
what time a given principal will amount to some given aum, the ques- 
tions may be worked by proportion. For the principal which gains 
certain interest in a certain time may be treated just as a number of 
men who earn certain wages in a certain time; thus the principal 
and the time may be looked upon as the causes, and the interest as the 
effect produced. 

The following examples will serve to explain the method here 
suggested : 

Ex. 7. WTiat sum of money mttst he put out at Simple Interest for 
4i years at 4| per cent, to gain £24 „ 9». „ 7Jd f 

In other words, if £100 in 1 year gain £4J^ what sum in 4 years will 
gain £34 „ 9«. „ 7id. ? 

£ year £ years int. int. 
100 X 1 : Ans, x 4 : : 4J : 24Jf, 

^ J J 9 m1 612 
Ans, X J^ X o = TO X -T^3- 

68 

Ans, = — - — ;- 
2x81 

= £136. 

Ex. 8. What is the principal that must be put out at 3} per cent. 
Simple Interest for 5 years, to amount to £173 „ 18«. f 

In 5 years at 3| per cent. £100 will gain .£17|^, and will amount to 

£117J. Hence if in the given time at the given rate £100 amount to 

£117 J; what sum will amount to £173 ,, 18s. in tho same time at the 

same rate ? 

■ principal principal amount amount 

100 : Ans. :: 117^: 173,^, 

. 235 ,^. 1739 

^n«. X — -lOOx-^, 

2 37 2 

Ans.^X^xXmx;^ 

«148. 
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I 

Ex. 9. In what time will £1360 amount to £1802 at 5 per cent. 

Simple Interest f 

1802 amount 
subtract 1360 pripcipal 

442 interest. 

Hence, if £100 gain £5 in 1 year, in how many yean will £1360 gain 

£442? 

100 X 1 : 1360 X Ana. :: 5 : 442, 

Ans. X 1360 x 5 = 100 x 442, 

X^x442 

"*• XJWi X ]^ 

68 
221 



34 
= 6^ years. 

Ex. 10. At what rate of Simple Interest wiU £116 „ 15s, amount to 
£978 „ 14«. „ lid. in 6 J years f ^ 

£ 8, d. 

978 „ 14 „ 1| amount 
subtract 776 „ 15 „ principal 

201 „ 19 „ li interest 

Hence the question is, "If £776 „ 158. gain £201 „ 19s. „ lid. in 
6i years, what will £100 gain in 1 year? 

prineipal yn. principal yr. interest interest 
776J X 6J : 100 X 1 : : 201JtJ : Ans., 

A 3107 13 ,^ 40391 
^n..x^^x~ = 100x^^, 

13 

. m^ 4 ^ 

^^' " 2 ^ 5RW ^ 13 • j 

8 4 per cent. i 

Ex. 11. In what time wiU a sum of money double itself, if put out at 
Simple Interest at any given rate per cent, per annum f 

In other words, in what number of years wiU the interest on £a 
become £a at any given rate, say r per cent, per annum ? 
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The interest on £a for 1 year at r per cent, is a x rrrrr ; and in 

X years, a x rj— vill be gained x times over. 

By the hypothesis 

axr 

100 

therefore a: = a x 

axr 

100 

r 

Hence by dividing 100 by the given rate per cent., we find the number 

of years required. Thus a sum of money will double itself at 5 per cent. 

in AJ^ or 20 years; at 4 per cent, in ^^ or 25 years; and so on. 

§97. Compound Interest consists of a series of Simple Interest sums, 
where the amount at the end of the first year becomes the principal for 
the second year, and so on. 

Ex. 12. Required the Compound Interest and amount of £457 „ 10«. 
at A per cent, for 3 years. 

Such examples are most easily worked by writing the shillings, &c. 

as decimals of a pound; and remembering that the division by 100 will 

be effected by shifting the decimal point two places to the left. Thus 

457-6 
4 

1830-0 
therefore £18-3 is interest for first year. 

4575 
18-3 

475-8 
4 

1903-2 
therefore £19032 is interest for second year. 

475-8 
19-032 

494*832 principal for third year 
4 



1979-328 
therefore £19-79328 is the interest for third year. 
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Hence 494-832 

19-79328 

514-62528 amount 
20 



12-50560 
12 

6-0672 
4 



-2688 



£ 8. d. 

514 „ 12 „ 6 amount 
457 „ 10 „ principal 

57 „ 2 ,y 6 compound interest. 

Ex. 13. Required the amount of £750 at Compound Interest for 
IJ years at 4 per cent., the interest being payable half-yearly. 

Instead of finding the interest for a year and halving it, we should halve 

the rate of interest ; because 2 per cent, per half-year is the same thing 

as 4 per cent, per annum. 

750 
2 

15-00 
750 765 

15 15-3 

765 principal for second half-year 780*3 principal for third half-year 

2 2 



15-30 1560-6 

therefore £15*606 is interest for the third half-year. 

780-3 
15-606 



795-906 
20 



18-120 
12 



1-44 
4 



1-76 
therefore £795 „ ISs, „ Id. „ l^/ar. amount 
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Ex. 14. A and B lend each £248 for 3 years at Z\ per cent, one at 
Simple, the other at Compound Interest ; find the difference of the amount 
of interest which they respectively receive* 

248 
3J 



744 8*68 

124 3 

8-68 2604 Simple Xnterest for 3 years. 

248 
8-68 

256*68 principal for second year 
3i 



77004 
128-34 



898-38 
therefore £8*9838 is interest for second year. 

256-68 
8-9838 

265*6638 
3| 

796-9914 
1 32-8319 

929*8233 
therefore 9*298233 is interest for third year. 

Hence 8*68 

8*9838 
9-298233 

26*962033 Compound Interest 
26*04 Simple Interest 

'922033 difference 
20 

18*440660 
12 

5*28792 
4 

1*15168 
therefore 18«. ,, bd, „ l*15168/ar. Ans. 
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Ex. 15. What is the Qmpaund JMerest on £32000 for 2 years at 
6 per centf interest being payable half-yearly f 

We must find the interest for each of the four half-years at 2} per 

cent But to multiply by 2} and divide by 100 is to multiply by ^q ; 

hence 

40 ) 82000 

800 interest for first half-year. 

40 ) 32800 

820 interest for second half-year. 

40 ) 33620 

840| interest for third half-year. 

£. a. d. 

4 0) 34460 „ 10 „ 

861 „ 12 „ 6 interest for fourth half-year. 

£. 9. d. 

Hence 800 „ ,, 

820 „ 0„0 
840 „ 10 „ 
861 „ 12 „ 6 



3322 „ 2 „ 6 Compound Interest for 2 years. 

Ex. 16. JVhat sum at 4 per cent. Compound Interest will amount 
in 2i years to £4247 „ Ss. „ 10*368d f 

First we find that £100 in 2| years at 4 per cent will amount to 
£110*3232. 

Next £4247 „ Ss. „ 10-368i. = £4247-4432. 

principal principal amount amount j 

Hence 100 : Ans. : : 1103232 : 4247*4432, j 

Ans. X 110*3232 » 4247*4432 x 100, 

. 42474432 ,^^ 

Ans, =■ X 100 

1103232 

= 38-5 X 100 

° 3850. 

Ex. 17. Find the amount of £842 „ Bs, for 4 years at 5 per cent. 
Compound Interest, 



INTEREST. 163 

The following method of peffonning the operation of Compound 
Interest deserves attention: 

In one year £100 amounts to £105; what will 842'4 amount to? 

first year's amount 
100 : 842-4 : : 105 : x, 

a: X 100 » 842-4 x 105, 

= (842-4) (105). 

Now suppose the first year's amount, viz. (842-4) (1*05) to be put out 
to interest for the second year. 

second yearns amount 
100 : (842-4) (1-05) : : 105 : x, 

a; X 100 = (842-4) (105) (105), 

X = (842-4) (1-05) (1-05) 

= (842-4) (l-05)«. 

Similarly the amount at the end of the third year would be (842*8) (1-05)^ 
and at the end of the fourth year the amount would be (842*4) (1'05)\ 

Now (1-05)* = 1-21550625, 

and this we multiply by the given principal 

1-21550625 

842-4 

486202500 
243101250 
486202500 
972405000 



1023-942465000 
20 



18-849300 
12 



10-1916 
whence the amount required is £1023 „ 18«. „ 10*1916(2. 

§98. A few examples are subjoined of Insurance, Oomtnission, ^c. ; 
which are commonly placed as a separate rule, although they are only 
instances of interest in a peculiar form. 
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Ex. 1. JVhat i$ the premium of a peiicy of assurance for £3500 upon 
the life of a person aged 44 last birthday, when in the Tables it is found 
that for every £100 assured a person aged 44 must pay £3 ,, 12s. „ 6</. 
annually t 

It is here requisite to find the Simple Interest on £3500 at 3f per cent. 

^ 3600 x3f «. «- 

Hence — ioo""^ = 3o x 3| 

B 126^ premium required. 

Ex. 2. TFhat would he the cost of insuring a vessel and cargo valued 
at £3562 ,, 15s, at Si per cent, 9 

It is only necessary to find the Simple Interest on £3562 „ 15«. at 
6} per cent, 

3562*75 
6i 



21376-50 
890-6875 



222-671875 (shifting the decimal point two places to divide by 100) 
20 

13-437500 
. 12 

5*1200 
therefore £222 „ 13«. „ 6'12d, is the sum required. 

Ex. 3. What would be the Commission paid to an Agent for selling 
a cargo which realized £4853 „ ISs. „ 4</. at 2} per cent, t 

4853*6625 
2*75 



242683125 
339756375 
97073250 



133-47571875 (shifting the decimal point two places) 
20 

9-51437500 
12 

6-172400 
therefore £133 „ 9«. „ 6*1724i. is the sum required. 
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Ex. 4. A ve89el wUh its cargo was valued at £45387. The owner 
insured in such a manner, that although the vessel was lost, he received 
the full value of vessel and cargo, and likewise got back the premium he 
had paid. Supposing that the underwriters insured at the rate of l^per 
cent, at how much above its real value did he insure the vessel and cargo f 

If every £92 J worth were insured for £100, this would cover both 
the loss of goods worth £92} and likewise a premium of 7^-. 

Therefore he insured every 92} worth as if worth 100. 

Hence 92} : 45387 : : 100 : Ans,, 

369 

--- X Ans. = 45387 x 100, 
4 

123 

. ^mX X 100 X 4 

^''*- = — ^ — 

= 49200 ; 

therefore the vessel and cargo, worth £45387, was insured for £49200, 
or for £3813 more than its real value. 



EXEBCISE 15. 

1. Find the interest on £325 „ 10s, for } of a year at 3} per cent 

2. Required the amount of £400 in 3 years and 35 days at 3f per 
cent, per annum, Simple Interest. 

3. What is the amount of £380 in 3 years and 45 days at 4f per 
cent. Simple Interest ? 

4. What is the Interest on £357 „ 10«. for 49 days at 3} per cent, 
per annum ? 

5. What is the Simple Interest for 2 years of £120 „ 5s. at 3} per 
cent. ? 

6. Find the Simple Interest on £172 „ IBs. „ 9d. for 3 years at 
4 per cent. 

7. Find the Simple Interest on £1618 „ Is, for 20 years at 3| per cent. 

8. Two persons invest respectively £579 „ 39. „ 4d. and £2895 „ 1 69. „ Sd. 
in a business which returns 12 per cent, per annum on the capital in- 
vested; find the annual share of each. 

9. Find the Simple Interest on £2833 „ 6«. „ Bd. for 2J years, at 
3 per cent, per annum. 

10. Find the Simple Interest on £5555 for 5} years at 5} per cent 
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11. What 18 the Simple Interest on £3715 ,, 10«. for 2 yean and 
131 days at 4j^ per cent. ? 

12. Find the Simple Interest on £312 „ 19«. ,, 6d, for 3 years and 
27 days at 3 per cent. 

13. What is the Simple Interest on £474 „ 15s. for 2 years and 
4 months at 4 per cent per annum ? 

14. Find the Simple Interest on £63 „ 168, „ Id. for 1^ years at 
4J per cent. 

15. An annuity of £50 is put out to interest immediately after pay- 
ment; what will it amount to at the end of the seventh year after the 
first payment, allowing 5 per cent. Simple Interest ? 

16. What would be the interest on £150 from the 10th of September 
to the 2nd of November at 4^^ per cent. ? 

17. An estate of 750 acres, which pays an average rent of £1 „ 12^. „ Qd. 
per acre, is burdened with a mortgage of £2500, for which interest is 
paid at the rate of 4 per cent, per annum ; what is the dear rental of 
the estate ? 

18. What amount of capital put out to Simple Interest at 3} per 
cent will produce £14 interest in 2| years ? 

19. What would be the interest on £425 from 1st January to the 
4th of May, in Leap Year, at 2^ per cent ? 

20. What sum at 3} per cent will produce an income of £445 per 
annum? 

21. Suppose a man receive interest on £65 „ 4 florins „ 3 cents „ 2 mils 
at the rate of 1 cent for each fiorin per annum, what sum (in pounds, 
shillings, &c.) does he receive at the end of the year ? 

22. Find the annual interest on the following sums: £25 „ 1 florin „ 
7 cents „ 5 mils at 30 per cent. ; and £368 „ 7 florins „ 5 cents at 5 per 
cent., expressing the interest as pounds, shillings, and pence. 

23. If an exchequer bill for £1000 bear interest at the rate of 28. per 
diem, what is the rate of interest per cent per annum? 



24. What principal must be put out for 2J years at 4 per cent 
Simple Interest to amount to £132 „ 11«.? 

25. Find in what time £963 „ lOs. „ 6<?. will amount to 
£988 „ 16«. „ ^^iod. at 3^ per cent Simple Interest 

26. At what rate of Simple Interest will £225 „ 6«. „ 8i. gain 
£3 „ 13«. „ 2id. in 6 months? 
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27. In ivhat time will £450 amount to £516 „ 189. „ 9d. at 3| per 
cent. Simple Interest? 

28. What is the capital which, put out at 3 J per cent. Simple Interest 
for 5 years and 4 months, will amount to £9973 „ 6«. „ Sd, ? 

29. When in 2 years and 63 days the Simple Interest on £325 is 
£24 ft 14s. „ 3|f(2. ; what is the rate per cent, per annum ? 

30. In what time will the Interest upon £320 „ 12«. „ ^, be 
£70 „ lOs. „ 9d, at 4 per cent. Simple Interest ? 

31. What principal put out for 6} years at 4J per cent. Simple 
Interest will amount to £1002 „ Ids. „ l^d.? 

32. What is the rate of Simple Interest when £315 „ 69. „ 8d, 
amount to £359 „ 9». „ 7Jrf. in 4 years ? 

33. In what time will £150 „ Ids. amount to £175 „ Is. „ 2^od. at 
4^ per cent Simple Interest? 

34. What capital would be required to gain £12 „ Is. „ Old. in 
2 years and 5 months at 3| per cent. ? 

35. What must be the capital employed to gain £95 „ 6s. „ 4d. as 
interest in 3 J years at 4 J per cent. Simple Interest? 

36. If 129. „ 4d., when left in a Sayings Bank for 5 J years, gained 
39. » O^Qd.f what was the rate of interest allowed ? 



Exercise 16. 
compound intebest. 



1. Find the amount of £250 in 2 years at 3| per cent. Compound 
Interest. 

2. What is the amount of £690 for 3 years at 4| per cent. Compound 
Interest? 

3. Find the amount of £1000 for 4 years at 5 per cent. Compound 
Interest ? 

4. Find the Compound Interest on £363 „ IO9. for 4 years at 
5 per cent. 

5. What is the Compound Interest on £300 at 4 per cent, per 
annum for 2 years, if the interest be paid half-yearly? 

6. Find the interest on £20000 for 4 years at 3 per cent. Compound 
Interest. 

7. Find the Compound Interest on £750 for 2 years at 4 per cent. : 
also the amount of the same sum in 2 years if the interest be payable 
half-yearly. 
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8. If the sum of £1200 be put out at 10 per cent, per annum Com- 
pound Interest, and interest paid half-yearly, to what will it amount 
in a year and a-half? 

9. Find the difference between the Simple and Compound Interest 
of £2475 „ 13s. „ Ad, for 2\ years at 3| per cent 

10. Find the amount of £540 in 3 years at 4 per cent. Compound 
Interest. 

11. Find the amount of £130 in 3 years at d per cent. Compound 
Interest. 

12. Find the amount of £540 in 3 years at 4 per cent. Compound 
Interest. 

13. Find the difference between the Simple and Compound Interest 
on £150 „ 15«. for Z\ years at 4 per cent. 

14. What sum must be put out to Compound Interest for 2| years 
at 3i per cent, to amount to £174*39543? 

15. What is the difference between the amount of £250 accumulating 
during 3 years at 3 per cent. Compound Interest and the amount of the 
same sum for the same period at 4 per cent Simple Interest? 

16. Find the Compound Interest on £1663 „ 19s. „ %d. for 2} years 
at 3} per cent 

17. Find the difference between the amount at Simple and Com- 
pound Interest of £895 „ 16«, for 2 years at Z\ per cent ' 

18. At 3 J per cent. Compound Interest, what capital will amount to 
£289 „ 4a. „ 7-38£?. in 2 years ? 

19. Find the amount of £415 „ 10«. in 2\ years at 4 per cent 
Compound Interest 

20. What is the amount of £230 „ 10«. for 3 years at Z); per cent. 
Compound Interest? 

21. What would £25 „ 12«. amount to in 3 years at 4} per cent. 
Compound Interest? 

22. In 3 years at 4 per cent. Compound Interest what would £1080 
amount to ? 

23. What is the Compound Interest on £3350 at 4 per cent per 
annum for 2 years, if the interest be paid half-yearly? 

24. What sum must be put out at 10 per cent Compound Interest 
to amount in 3 years to £1597 „ 4«. ? 

25. Find the sum of money which in 4 years at 5 per cent Compound 
Interest will amount to £881 „ 4«. „ lO.^cf. 
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CHAPTER XIV. 

DISCOUNT. 

§99. The principle upon which the Rule of Discount depends, being 
frequently misunderstood, the following explanation should be read 
attentively : 

When a debt due at some future time, — not a Tradesman's Account, 
but a Bill, or a Promissory Note, or the Kent of a House, or any debt 
which cannot be claimed at present, but which will fall due some time 
hence — when such a debt is paid before it is due, a sum smaller than 
the actual debt may be paid down by the Debtor, and will be accepted 
by the Creditor as payment in full. 

The reason why the Creditor accepts a sum smaller than his full 
due is because he would at once put out to interest the money he 
receives from the Debtor; thus, whatever he will gain as interest 
he can afford to remit from the debt ; and this principle will be mani- 
festly fair to both payer and receiver. 

Now call the sum accepted as the pre.sent payment, the Present 
Worth: and call the money that is thrown off, the Discount. The 
Present Worth must be such a sum as would, if put out to interest 
for the given time at some agreed on rate, amount to the debt; and 
the interest it would gain in that time must be the sum remitted, or 
the Discount Hence we deduce the following: 

Def, The Present Worth of any debt due at some future time is the 

smaller sum accepted at the present time in lieu of the entire debt at the 

future time ; and is such that, if put out to interest at a given rate for 

the time during which the debt had to run, it would at the end of that 

time amount to the debt itself 

Def Diseount is the abatement made in consideration of the payment 
of a debt before it is due ; and is the simple interest of the present worth 
of the debt. 

Hence debt - discount = present worth, 

and debt - present worth = discount. 

z 
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From these definitions we can shew that the discount of a debt 
must always be less than the interest upon it for the same time. For 
the discount is the interest upon the present worth; but the present 
worth is always less than the debt; and therefore the interest on the 
present worth will always be less than the interest on the debt; or the 
discount on any sum will always be less than the interest of the same 
sum for the same time. 

Again, since present worth 4 discount = debt, it follows that if the 
debt in a certain time would give certain interest, we may say that in 
the same time present worth -f discount, if put out to interest, would 
amount to debt + interest. 

But by the definition, the present worth would amount to the 
debt; therefore the discount would amount to the interest; that is, 
the discount is the present worth of the interest. 

§100. We see from both these considerations that interest is really 
greater than discount : yet the two are commonly confused, discount 
being frequently supposed to be the same thing as interest. This is 
perhaps to be accounted for by these two circumstances ; first, tradesmen 
as a rule deduct interest from an account, and call it discount; an 
element of confusion which will be more fully explained below, in 
§103 ; secondly, the terms in which the questions are expressed sometimes 
lead to a mistaken notion; for instance, if it be required to find the 
present worth of any sum " allowing discount at 5 per cent.," it is taken 
for granted that this means "throwing off £5 from every £100;'' 
whereas in reality the first thing in allowing discount is for the payer 
and receiyer to agree upon the rate at which the interest on the present 
worth is to be calculated ; and then ** allowing discount at 5 per cent.'' 
will not mean throwing off £5 from every £100 ; but will mean ** allow- 
ing discount when the rate of interest agreed on is 5 per cent." 

§101. We now proceed to explain the practical rule for finding the 
discount of any sum. 

If £100 were due a year hence, and if £95 were accepted as the 
present worth of this debt, the £93 being put out to interest at 5 per 
cent, would not gain £5, and would not amount to £100 at the end of 
the year : and £5 would be too large a sum to allow as the discount on 
£100 for a year. 

But if £105 were due a year hence, and £100 were accepted as the 
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present worth, the £100 being put out to interest at 5 per cent, would 
gain £5, and would amount to £105 at the end of the year. 

Hence, we observe that £5, the interest on £100 for a year, is the 
discount on £105 for the same period: and generally, the same sum that 
is the interest of £100 for any time, will, for the same time, he the 
discount of £100 increased by that interest. 

The rule therefore for finding the discount on any sum will be this : 
" First find the interest upon £100 for the given time at the given rate, 
and add it to the £100: the sum fouud as interest on £100 will be the 
discount on the £100 increased by its interest : then the discount on 
any other sum for the same time at the same rate can be found by 
proportion." 

This will now be illustrated by examples : 

Ex. 1. Find the Discount on £770 due 8 months hence, allowing 
interest at 4 per cent, per annum. 

8 2 
8 months = -— = ~ of a year ; 
12 o 

therefore interest at 4 per cent, on £100 for 8- months 

= f of£4-£i = £2f; 

therefore £2f is discount on £102f for 8 months. 

Debt Debt Disot. Disct. 

Hence 102| : 770 : : 2f : Ans,, 

-— X Ans. = 770 x - 
o o 

2 

^n.. = 770x?x^ 

77 

= 770 X |. 

77 

= 20. 

Ex. 2. Find the exact Discount which should he allowed upon £100 
due a year hence, reckoning interest at 5 per cent 

£5, which is the interest upon £100, is the discount upon £105 
for a year; therefore 

105: 100::5:^n«., 
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105 X Ans. = 100 x 5, 

. 100 y 1^ , 

21 
_ 100 

= £4 „ 15a. „ 2?e/. 

Hence £100 - £4 „ 15». „ 2frf. = £95 „ 4s. „ 9ii. is the exact present 
worth of £100 due a year hence, when interest is at 5 per cent. 

§102. In mercantile transactions, if a bill for £100 due a year hence 
were to be discounted, interest being at 6 per cent., the merchant or 
banker would give to the holder of the bill only £95 as the present 
worth ; deducting the interest, i.e. £5, instead of £4 „ Ids, „ 2?rf., 
the exact mathematical discount. The difference between £5 and 
£4 „ 15s. „ 2^d., viz. 4s. „ Q^d., is the discounter's profit, and the sum 
which the holder of the bill pays for the accommodation. This 4s. „ 9 Jrf. 
is the interest at 5 per cent, on £4 „ 16s. „ 2^d, for 12 months; (for 
discount is the present worth of interest, §99), and therefore the loss 
incurred by the holder of the bill by being charged interest instead of 
discount, is a sum which is the simple interest upon the exact discount, 
for the time during which the bill has to run. 

From this we see, generally, that the difference between interest and 
discount on any given sum for a given time is equal to the interest on 
the discount for the same time. 

§103. When a tradesman lowers the price of any article in considera- 
tion of payment in ready money, this is neither mathematical discount, 
nor mercantile discount, nor discount in any proper sense of the word. 
For, strictly speaking, payment cannot be said to be made before duet 
when once the article has passed into the possession of the purchaser. 
But the tradesman marks his goods at such prices above what he gave 
for them, that he may be enabled to make a profit by retailing them, 
and give credit besides for, say, 12 months. Suppose he marks the 
credit price of his goods at 35 per cent, above the cost price ; this rate 
of interest he will lower to 30 per cent, if he be paid in ready money : 
and this he calls allowing discount at 5 per cent. The so-called 
discount of trade is therefore only lowering th^ rate of interest charged 
by the retail dealer. 
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§104. Since £100 is the present worth of £105 due a year hence, 
interest being at 5 per cent., we can find the present worth of any 
given sum by proportion, without first finding the discount and then 
subtracting it from the debt. The method is as follows : 

Ex. 3. Find the Present Worth o/" £10500 dtte 15 months hence at 
4 per cent. Simple Interest, 

15 months is — - or - of a year : 
12 4 ^ 

therefore the interest of £100 for 15 months is f of 4, or£5 ; therefore 

Debt Debt Prt.Wth. Prt.Wth. 
105: 10500:: 100 : Ans., 

105 X Ans, = 10500 x 100, 

Ans. = 100 X 100 

= 10000. 

If it be agreed to reckon compound interest on the present worth, we 
must find the compound inte^st on £100 for the given time at the 
given rate, add it to £100, and proceed as before. 

Ex. 4. Find the Discount oj £1035 „ 17«. „ Qd,for two years at 4 per 
cent. Compound Interest, 

At 4 per cent, compound interest, £100 amounts to £108*16. 
Hence 

Disct. Disct. 

108-16 : 1035-875 : : 8-16 : Ans., 
Ans. X 108-16 = 1035-875 x 8-16, 



Ans. = 



1035-875 X 


51 


676 




62829-625 




676 




= 78-15033, 


&c. 


= £78 „ 3«, 


„ 0'0192d. 



We may be asked to find the principalf where the discount is given ; 
or the rate of interest; or the time for which the debt has to run: and 
to illustrate such cases, the following examples are subjoined. 
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Ex. 5. What was the Debt of which the Discount/or 3 years at 4 per 
cent. Simple Interest, was £36 f 

£12 is the interest of £100 for giyen time at given rate. Hence 

112: Ans.i: 12:36, 

12 X Ans. B 112 X 36, 

112 X 36 
Ans. = -3^ 

» 112 X 3 
» £336. 

Ex. 6. When the Discount on £256 „ 10s. paid half a year hefore 
it is due is £5 „ Os. „ l^^d., at what rate is Simple Interest calculated f 

From £256 „ 10s, deduct £5 „ 0«. „ Ih^-t and the result 
£251 ,, 9«. „ 4}f<2. is the present worth. But the discount of the 
debt is the interest on the present worth. Hence £5 „ Os. „ If^d, 
is the interest on £251 „ 9s. „ 4^(^. for 6 months; and we have to 
find the interest on £100 for 12 months at the same rate; therefore 

251 A X 6 : 100 X 12 : : 58\ : -4fM., 

4275 . . 1AA io 1*71 

-—=- X 6 X AriS. a 100 X 12 X -rr-- , 

17 34 

*L to 171 17 1 
^ns. = Wxl2x — x_x- 

171 
a 4 per cent. 

Ex. 7. If £82 n 18s. „ 9}fd he the Discount of a debt of £1410, 

Simple Interest being at the rate of 3} per cent,, how many months 

before due was the debt paid? 

£ 8. d, 
1410,, 0„0 

82 „ 18 „ 9H 
1327,, 1„2A 

Hence £82 „ 18s. „ 9Jf J. is the interest on the present worth of 
£1327 „ Is. „ 2f^d. for an unknown number of months; while 3} is the 
interest on £100 for 12 months. Therefore 

100 X 12 : 1327x^ x Ans. : : 3} : 82Jf , 
Aru. X ■■■ ■ X -J = 100 X 12 X -— - , 
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16 3 

= 20 months. 

Ex. 8. The interest on a certain sum of money for two years is 
£71 ,f 16«. „ lid^, and the Discount for the same time is £63 „ 1*1 s,. 
Simple Interest being reckoned in both cases. Find the rate per cent, 
per annum, and the sum. (S.-H., 6 Jan., 1863). 

Since the discount is the present worth of interest, (§99), it follows 

that 

£63 „ lis. is the present worth of £71 „ 16s. „ 'l\d. 

i.e, £63 „ 17«. would in 2 years amount to £71 „ 16«. „ *Jid. 

i.e. £63 „ 17«. would in 2 years gain as interest £7 „ 199. „ l^d. 

therefore '. 1 year £3 „ 19«. „ 9Jrf. 

From this we can find what £100 would gain in 1 year, 

63f J : 100 : : 3|J J : Ans., 

1277 . ,^^ 1277 

-2^x^n..= 100x^j^, 

' ,^^ 1277 20 

Ans. = 100 X — —r- X 



320 1277 
= 6J rate per cent. 

Next to find the sum in question, we know that £11 „ 16s. „1ld. is 
the interest on it for 2 years at 6^ per cent. ; hence 

100 X 1 : Ans. x 2 : : 6J : £71 „ 16«. „ 7J«f., 

Ans. X 2 X -- = 100 X (£71 „ 16s. „ 7Jef.)» 

2 
Ans. = -: X 100 X (£71 „ 16«. „ 7Jef.) 

= 8 X (£71 „ 16«. „ lid.) 
= £574 „ 13«. 

Ex. 9. If£i be allowed as Discount off a bill of £40 due 6 montJis 

hence, how much should he allowed off a bill of the same amount due 

13| morUhs hence f 

£4 is 6 months' discount off £40 ; 

therefore £4 interest on £36; 

therefore £9 is 13 J months' interest on £36; 

therefore £9 discount off £45. 
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From this we can find what will be the discount off £40 for the same 

time and rate ; for 

45 : 40 : : 9 : Ans , 

45 X Ans, = 40 X 9, 

40 y 9 

= 8, discount required. 

Ex. 10. If £3 be allowed as Discount off a bill of £33 due 6 months 
hence, what should be the bill from which the same sum is allowed as 
3 months discount? 

£3 is 6 months' discount off £33; 

therefore £3 interest on £30; 

therefore £3 is 3 months' interest on £60 ; 

therefore £3 discount off £63. 

Hence £63 is the amount required. 

Ex. 11. If £S be allowed as 6 months* Discount off £33, and at the 
same rate of interest £\Q be allowed off a biU of £60, for how long a 
period had the latter to run f 

£3 is 6 months' discount off £33 

therefore £3 interest on £30 

therefore £5 £50; 

therefore £10 is 12 £60 

therefore £10 discount off £60. 

Hence 12 months is the time required. 

Ex. 12. If £\0 be the Interest upon £110 for a given time, what 
should be the Discount off £\\Ofor the same time f ' 

£10 is the interest upon £110 ; 

therefore £10 is the discount off £120. 

From this we can find the discount to be allowed off £110 for the 
same time and rate; for 

120: 110:: 10 : Ans., 

120x-4n». = 110x 10, 

Ans. = 9J 

= £9 „ 3s. „ id. 
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EXEECISE 17. 
DISCOUNT. 

1. What discount should be allowed on £420 paid 9 months before 
due, simple interest being calculated at 5 per cent. ? • 

2. Find the discount on £243 „ 10«. due 5 months hence, at 3^ per 
cent, interest. 

3. What is the discount on £1120, due in 16 months, at 5 per cent, 
per annum ? 

4. A bill of £46 „ 0«. „ 6id. is due 10 months hence; what is the 
discount for ready money, when interest is 3f per cent, per annum ? 

5. Find the discount on £600, due in 6 months, interest being at 
the rate of 5^ per cent. 

6. State the difference between Interest and Discount ; and find the 
discount on £150, due 8 months hence, at 5 per cent. 

7. What is the difference between the interest on a bill of 
£138 „ 13«. „ 4Ld, for 3 months, at 4 per cent, per annum, and the dis- 
count on liie same for a quarter of a year, at the same rate ? 

8. What is the present yalueof £875 „ 9«. „ 6</., due 5} years hence, 
at 3| per cent, simple interest ? 

9. Shew that the interest on £266 „ 13«. „ id, for 3 months, at 4J^ 
per cent., is equal to the discount on £83 for 15 months, at 3 per cent. 

10. What is the discount of £430, paid 8 months before it is due, 
interest being at 4 per cent. 

11. Find the discount of £125 „ 10s., paid 3 months before it is 
due, the interest of money being 4 per cent, per annum. 

12. What is the discount of £1250, due 9 months hence, at 5} 
per cent. ? 

13. Bequired the present worth of £572, due 8 months hence, 
at 3f per cent, interest. 

14. What is the present value of £120, due 10 months hence, 
at 4 per cent.? 

15. In consideration of immediate payment, what sum ought a 
tradesman who gives 2 years' credit to abate in a bill of 14 guineas, 
allowing interest at 7^ per cent. ? 

16. What is the discount on £485 „ 2«., due 2 years hence, at 
6 per cent, compound interest? 

17. What is the difference between the interest and discount of 
£125 „ Bs. „ 6d, for half a year, at 3} per cent. ? 

▲ A 
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18. Required the discount and present worth of £151 „ IT a. „ 6d. 
due at the end of 4 years, at 5f per cent. 

19. Required the present worth of a debt of £1242 „ Qs, „ 8 J. due 
245 days hence, at 3^ per cent. 

20. What firesent payment will discharge a debt of £75, due 17 
months hence, interest being at 4 per cent. P 

21. What ready money will discharge a debt of £170, due 5 months 
hence, allowing 8 per cent, interest ? 

22. Find the discount on £150 for 55 days, at 42 per cent per annum. 

23. Find the present worth of £694 „ 15«. due in 9 months, allowing 
3 J per cent, interest 

24. What is the rate of Simple Interest, when £578 „ 13«. „ 4cf. 
paid down is considered equivalent to £593 „ 2«. „ Sd. at the end of 
8 months ? 

25. What is the discount of £964 „ Ids. „ 6d, due in 3 years 
hence, at 10 per cent Compound Interest? 

26. What ready money will discharge a debt of £85, due 5 months 
hence, allowing interest at the rate of 13«. „ 4d. per cent, per month? 

27. What is the present worth of £101236 „ 7«. „ 2d. due 3 years 
hence, at 6 per cent. Compound Interest? 

28. What is the present worth of £120 payable as follows: viz., 
£50 at 3 months, £50 at 5 months, and the remainder at 8 months ; 
interest being at 5 per cent ? 

29. Required the present worth of £868 „ is. „ Zld. due 3 years 
hence, at 5 per cent. Compound Interest ? 

30. Bought a quantity of goods for ready money for £150, and 
sold them for a bill for £200 payable j^ of a year hence. If this bill were at 
once fairly discounted, at 4^ per cent interest, what would be the ready 
money gain on the transaction ? 

31. Find the present worth of £562 „ Ss. „ lUd. due 3 years hence, 
at 4 per cent Compound Interest. 

32. If on a debt of £252 „ 19s, „ 3 J. due a year hence, the discount 
allowed be £7 „ 19s, „ Sd., at what rate was interest calculated? 

33. If £1137 „ 10s. be the present worth of a debt of £1336 „ Us. „ Sd. 
when Simple Interest is calculated at 5 per cent, how long before due 
was the debt paid ? 

34. If on a debt of £16992 „ Is. „ 9d. due 4 years hence, the present 
worth were £14648 „ Ss, „ 9d,, at what rate was the Simple Interest 
calculated ? 
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35. If £666 „ 13«. „ 4<^. be the present worth of a debt due six 
months hence, money being worth 3 per cent, per annum, find what 
was the debt. 

36. When it is reckoned that £262 „ 4«. „ 5^d, is the exact present 
worth of a debt of £275 ,, 6«. „ Sd,, interest being at 4 per cent, per 
annum, how long had the debt to run ? 

37. If the discount on £678 „ 8«., which is due at the end of a year 
and, a-half, be £38 „ Sa., what is the rate per cent, of Simple Interest ? 
(S.-H., 2 Jan. 1855). 

38. A certain sum of money ought to have £20 „ 16«. allowed as 
8 months interest on it : but a bill for the same sum due 8 months 
hence at the same rate of interest, should have £20 only allowed off 
as discount in consideration of present payment. Required the sum 
and the rate per cent, per annum. 

39. Prove that the difference between the interest and the discount 
on a given sum for a given time is equal to the interest on the discount 
for the same time. (Ch. Coll., Dec. 1863). 

40. If interest be reckoned at 4} per cent, per annum, and I accept 
£40 as present payment for £42 „ 8«., for how long a period was this 
discounted ? 

41. If £5 be allowed as discount off a bill of £125, due a certain 
time hence, what should be the discount allowed off, if the bill had 
twice as long to run ? 

Supposing Compound Interest to be allowed, what then would be 
the answer to the above question ? 

42. If £98 were accepted in present payment of £128, due some 
time hence, what should be the proper discount off a bill of £128 which 
had only half the time to run ? 

Solve the above question, allowing Compound Interest. 

§105. As a supplement to the rule of discount and present worth, we 
may add a few examples in a rule called the Equation of Payments. In 
the method of calculation which is adopted in Arithmetic to find the 
Equated time, as it is called, that is, the exact time at which several 
debts due at different times should be paid in one sum, it is usual to 
reckon interest as equivalent to discount. By this method a rough 
approximation only is obtained, and the rule is accordingly of little 
practical utility. In Algebra more exact methods are given. The 
Arithmetical process will be understood from the following examples : 
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Ex. 1. Find the equated time of payment of £700 due 15 months 
hence, and £500 due 9 months hence. 

The rule in Arithmetic is as follows : 

" Multiply each debt by the time hence it is due ; add these results ; 
and divide them by the sum of the various debts; the quotient is the 
time hence at which the whole sum is due.'' 



Therefore 



700x16+500x9 
700 + 500 

10500 + 4500 
1200 

15000 



1200 

150 
" 12 

a 12} months. 

Ex. 2. What would be the present value of the following hUls, supposed 
to he due at the equated time, viz, £250 due 5 months hence, £490 due 
\6 months hence, and £1860 due l\ months hence; it being agreed that 
interest shaU be calctdated at 4 per cent, f 

The equated time will be 

250 X 5 + 490 X 15 -)• 1860 x j 
250 + 490 + 1860 

1250 + 7350 + 3100 
" 2600 

11700 
2600 

117 
" 26 

• 4f months. 

We have now to determine the present worth of £2600, due i^ montha 
hence at 4 per cent. 

Hence _x-x4=:-=H, 

101^:2600:: 100 : ^ft«., 
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???x^„.. = 2600. 100. 

2 
Aw, = 2600 X 100 X 



520000 



203 
« £2561 „ 12s. „ 6 5a^d. 

Exercise 18. 

1. If £200 be due one year hence, and £100 be due 2 years hence, 
find the equated time of one payment, allowing interest at the rate of 
5 per cent, per annum. 

2. If £760 be due 13 months hence, and £440 be due 8 months 
hence ; what is the equated time of payment ? 

3. What is the equated time of payment of the following bills : £400 
due in 2^ years, £500 due in If years, and £300 due in 9 months ? 

4. K £450 be due 16 months hence, and £250 be due 13^ months 
hence ; find the present worth of the whole sum supposed to be due at 
the equated time, interest being at 4 per cent. 



CHAPTER XV. 

STOCKS. 

§106. It is often necessary for the Government of a country to borrow 
money, in order to carry on expensive wars, supply any sudden de- 
ficiency, &c. A loan is then contracted, and the Government borrow- 
ing pledges the credit of the country to pay a certain fixed rate of 
Interest on the entire sum borrowed, until such time as the debt may 
be paid off. » 

Suppose Goyernment, being in want of money, proposes to give 
4 per cent, per annum for the money they borrow. If A lends £100 
to the Government, he will receive £2 every half-year; this dividend, 
as it is called, being paid out of the public revenues. But if ^ wanted 
to be repaid his principal, he could not demand from Government £100; 
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because they only agreed to pay interest, but named no time when the 
principal would be paid off. A however is at liberty to transfer his 
claim to any other person: he would therefore sell his stock to the 
highest bidder in the money market : but if money should at this time 
be more scarce, and so valuable as generally to fetch 5 per cent, in 
trade, &c., it is clear that nobody would give him £100 cash for the 
right of getting £4 per annum : no one would consent to receive 4 per 
cent, for his money if he could get 5 per cent. A must therefore lower 
his price, and his £100 stock would sell for somewhat less than £100 
cash. It is therefore necessary to remember the difference between 
money in the stocks, and ready cash : £100 in the stocks is usually a very 
different thing irom £100 ready cash. 

When the stocks are said to be selling at a certain rate, (e.g. at 95,) 
this means that £100 stock is selling for £95 cash. 

Different loans are called the 3 per cents., the 3} per cents., the 
4 per cents., &c. according to the rate of interest agreed on at the time 
of borrowing. 

When a person is said to invest so much money in the stocks, this means 
that he takes so much cash, and buys with it as much stock as he can 
at the current market price. On the contrary, selling out is selling his 
stock for as much cash as it will produce at the market price of the day. 

The income that a man possesses by holding so much stock can be 
computed at once by simple interest: i.e. by multiplying the stock 
(which is the principal) by the rate per cent., and dividing by 100. 
The income however derived from investing so much cash in any stock 
will depend upon the price of the stock at the time of purchase; for 
government pays interest on the stock held, and therefore the more 
stock that can be bought for any sum, (or the cheaper the stock), the 
greater in proportion is the income produced. 

When the state of the money market is such that £100 of any stock 
is worth £100 cash, then that kind of stock is said to be at par. If 
the rate of interest be high, and money plentiful, it is possible that £100 
stock may be worth more than £100 cash, and the stock is said to 
be above par. The fluctuation in the price of stock is not caused by 
any variation in the rate of interest which is paid ; that is fixed, once for all, 
at the time the money is borrowed ,* and Government continues to pay 
this settled rate of interest on every £100 stock, by whomsoever it may 
be held. Commercial and political changes at home and abroad, the 
state of trade, the prospect of the harvest, investments in railway shares. 
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and other speculations, all affect the value of money and the price 
of the Funds. 

All questions in the rule depend upon the principles of Proportion ; 
the subjoined examples contain the commonest forms in which questions 
occur : 

Ex. 1. What quantity of stock can he bought at ^2 for £27600 9 

In other words, if £92 cash will buy 100 stock, what stock will 

£27600 cash purchase ? 

cash cash stock stock 
92 : 27600 : : 100 : Ans., 

92 X Ans, = 27600 x 100, 

27600 X 100 

Ans, = 

92 

= 30000 stock. 

Ex. 2. What money will he obtained by the sale of 7800, Z per cent, 
stock, at 89 f 

That is, if 100 stock obtain £89 cash, what will 7800 stock obtain ? 

cash cash stock stock 
89 lAns. :: 100: 7800, 

100 X Ans. = 89 X 7800, 

Ans, = 89 X 78 

:= £6942 cash. 

Ex. 8. If £11040 be invested in the 3 pei* cents, at 92, what quantity 

of stock will be obtained by the investment f And what annual income 

will be derived f 

cash cash stock stock 
92 : 11040:: 100 : ^w«., 

u4n«. x92= 11040 X 100, 

11040x100 

Ans, = — 

92 

= 120 X 100 
= 12000 stock. 

Next, for the income, find the Simple Interest on £12000 at 3J per 
cent., i.e, multiply 12000 by 3 J and divide by 100. 

Hence 12000 x ^ x -1- = £420, 

^ luu 

the interest required. 
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Ex. 4. What income will be derived from the inveetment of £29400 
in the 4 per cents, atdSf 

It is not necessary to find the quantity of stock held, unless it is 
expressly asked for. But since every £98 we invest buys £100 stock, 
and every £100 stock pays £4 annually as interest, we may say that 
every £98 invested yields an annual income of £4. And of course 
£29400 invested yields an income proportionably larger. Hence 

eash etafb. income income 
98 : 29400 : : 4 : Ans,, 

Ane. X 98 «= 29400 x 4, 

29400 X 4 
^"'- = —98— 

r= 300 X 4 

= £1200. 

Ex. 5. Bought stock in the '6\ per cents, at 87^; wliat was the real 
rate per cent, obtained by the investment t 

In other words, if every £87 J cash invested produce £3 J per annum, 
what would £100 cash so invested produce? 

87J : 100 : : 3J : Ans., 

175 7 

-— X Ans, - 100 X - , 
2 2 

7 2 
Ans, = 100 X - X — - 
2 17o 

100 



25 
= 4 per cent. 

Ex. 6. When the funds are at 75, how much stock must be sold out 
to realise £125 f 

That is, if the sale of £100 stock realises £75 cash, how much stock 
must be sold to realise £125 cash? 

ea«h cash itoek stock 
75: 125:: 100 : Ans., 

Ans. X 75 - 125 x 100, 



Ans.- 
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125 y 100 



75 
5x100 



3 
600 

ss 

3 

B 166| stock. 

« 

Ex. 7. What price are the funds at when a person huys £500 stock 
for £101 „ 13*. „ Ad. f 

cash cash, stock stock 
-4n«. :401f :: 100:600, 

Ans. X 500 = i^ X 100, 

1205 1 

Ans. - — — X - 

3 

241 
• " 3 

= 80J, price of stock. 

Ex. 8. The interest on a certain sum in the 4 per cents, was allowed 
to accumulate for 14 yearSf simple interest only being reckoned. At the 
end of that time the principal and interest amounted to £1326 ; what was 
the original sum in the funds f 

In 14 years £100 would amount, at 4 per cent, simple interest, to 

£166. Hence 

100 : Ans. : : 156 : 1326, 

Ans. X 156 = 1326 x 100, 

1326 X 100 



Ans. = 



166 

^ 221 y 100 
26 

^ 221 X 60 

= 17 X 50 
= 860 slock. 

BB 
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Ex. 9. Which is the most advantageous stock to invest tn, the 3 per 
cents, at 80, or the 3 J per cents, at 98 f 

We must find in each case the real rate of interest per cent, and 
compare the results. 

First then, if £80 invested yields £3, what will £100 so iuYested 
yield ? 

80 : 100 : : 3 : Ans., 

8 X Ans. = 10x3 

J 30 

Ans. = - 

= 3J per cent. 
Next, if 98 yields 3J, what will £100 yield? 

98: 100:: 3^ : Ans., 

Ans. X 98 = 100 x -, , 

2 

Ans. = 50 x 7 X - - 

98 

-. ^^* 
^ 14 

- 'JL 

" T 

= 3f per cent. 

The first investment yields interest at 3f per cent, the second at 3f 
per cent., and comparing these fractions, i.e. reducing them to equi- 
valent fractions having a common denominator, we see that the rates 
become 3H^ and *6\%\ and therefore the first investment would be the 
most advantageous. 

Ex. 10. A person transferred £16600 stock from the 3 per cents., 
at 90, to the 3^- per cents, at 99. Required what quantity of the latter 
stock he held, and what alteration was made in his income. 

What is meant by a transfer of stock is this ; that a person possessed 
of a certain quantity of one kind of stock, being either dissatisfied with 
the security, or in hopes of improving his income, sells that stock at the 
current market price, and invests all the cash so obtained in the pur'> 
chase of another kind of stock; he may thus improve his annual 
income, or may be content with a smaller income if he considers he 
has better security. 
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In the case supposed the person held at first £16500 stock in the 
3 per cents. ; from which his income was 

16500 X 3 X -i- , or £495. 
He then sold this stock at 90, obtaining for it cash, 

cash cash stock stock 
90:An8, :: 100: 16500, 

Ans. X 100 = 90 X 16500, 

Ans, =3 14850 cash. 

He now invests this 14850 cash at 99, purchasing with it stock, 

cash cash stock stock 
99 : 14850 : : 100 : Ans,, 

Ans. X 99 = 14850 x 100 

r: 150 X 100 

s 15000 stock. 

But the income from this stock is 

*,/>/>/v 15 1 ,.-15 

15000 X - X -j^^ , or75x--, 

or £562 J. 

Hence he held £15000 of the latter kind of stock ; and increased his 
annual income by £67 „ IO5. 

Ex. 11. A person holding £4400 of the 6 per cents, Turkish loan, 
distrusting the security, sold out at OljJ-, and invested in the English 
3 per cents, at 88. By how much did this diminish his income f 

In the last example we exhibited the entire process of selling out of 
one kind of stock, and buying into another. But the process may be 
shortened by considering that the quantity of stock held will be greater 
or less according as the price is lower or higher; thus in the given 
case clearly more of the English stock will be held than of the Turkish ; 
also the* quantity of English stock will be greater than that of Turkish, 
in the same ratio that the price of the Turkish is greater than of the 
English. Hence, making one statement, we may say 

£ng. stock Turk, stock price of Turk, price of Eng. 
Ans. : 4400 :: 91f : 88, 

Ans. X 88 = 4400 x — , 

4 
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^iM.=r 1100x367x1 
36700 

» 45871 English stock. 
Bat income deriTcd from the Turkish 6 per cents, was 

4400x6x-i-, or £264; 
lUO ' ' 

while income deriyed from the English 3 per cents, is 

4587J X 3 X 100, or is £137 ,, 0«. „ ed. 

Hence his income will be diminished by £126 „ 19«. ,, 6dL 

Ex. 12. WTiat iff til he tJte eost of purchasing £720 Hussian 5 per 
cents, a^ 91 J, commission at } per cent, being charged f also if I sell out 
again when the price has risen to 93f , (brokerage being also charged in 
this case)i what do I gain by the transaction f 

The purchase or sale of stock is generally effected by means of a 
Stock-Broker, who is paid a certain per centage on all the stock that 
passes through his hands. 

This commission or brokerage, as it is called, is generally 2s. „ 6d.f 
or I of £1, on every 100 stock which is bought or sold. 

Hence in buying stock when commission is charged, the current 
price of every 100 stock will be increased by \. On the contrary, in 
selling stock, the current price will be diminished by \ when brokerage 
is charged. 

In the example given, when brokerage is charged, every £100 stock 
will cost the purchaser the market price of 9\\ plus \ for the broker: 
hence the cost will be altogether 91f . Therefore 

cash cash stock stock 
91J:u4»«. :: 100: 720, 

733 
Ans. X 100 « V X "^20, 

o 

u4w». = 733 X 90 X - - 

6597 
10 

B £659 „ Us, 
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Next, the £720 stock was sold at 93| minus I for the- broker; i.e. it 

was sold at 93J-. Therefore 

cash cash 
9'6l:An8.:: 100: 720, 

375 
u4n». xlOO = — -x720, 
4 

Ans. = 375 x 180 x y^ 

= £675. 

Hence £675 - £659 „ lis. ^ £15 „ 68. ^ the gain on the transaction. 

Ex. 13. ^ person having to pay £1045 two years hence, invested a 
certain sum in the 3 per cent, consols to accumulate interest until the 
debt he paid, and also an equal sum the next year ; supposing the invest" 
ments to be made when consols are at 73, and the price to remain the 
same, what must be the sum invested on each occasion that there may be 
just sufficient to pay the debt at the proper time f (S.-H., Jan. 1, 1861). 

* On the hypothesis that the first year's interest will be inyeated in 
stock, and no allowance be made for brokerage, let us suppose that S 
represents the sum at first invested, then 

every £73 invested gives £3 interest; 
therefore £1 — interest; 

therefore £S ^- ^interest; 

73 

3 3 3 

therefore £— S ta^ t< '^^^^^^^ 

So that at the end of 2 years there was in hand the first investment 

and its 2 years' interest, or S ■¥ 2 x -^^ S; there was the interest on the 

9 
first year's interest which had been invested, or -z:^ S; there was a 

second investment of S and one year's interest on it, or S -^ — S. 

73 

9 9 

Altogether there was 2iS + r- 5' + --, /S to meet the debt of 1045 : 

to 7o 

therefore 

1^324^ ,^^. 
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S = X 6329 

11324 ''"''-*' 

= 491 J* J. 

Ex. 14. If the 3 per cents, be at 95 and the Government offer to 
receive tenders for a loan of £5000000, the lender to receive Jive millions 
in the Zper cents, together with a certain sum in the Z\per cents,, what 
sum in the 3^ per cents, ought tJie lender to accept? (S.-H., Jan. 4, 
1853). 

First determine what is the money value of five millions, 3 per cent.* 
stock, which the lender is to take. 

Now 100 : 5000000 : : 95 : Ans., 

Ans, = 95 X 50000 
= 4750000. 

The lender will therefore still want stock to represent a money value 
of 250000 ; and he is to take it in Z\ per cents. 

So if the 3 per cents, are at 95, we must find the price of the 3 j per 
cents, at the same rate of interest. 

3 : 3^ : : 95 : Ans,^ 

13 

3 X Ans. = -^ X 95, 
4 

Ans, = — X 9a X - 
4 3 

1235 



12 
=: 102iJ. 

The question therefore is, how much stock, at 102} |, is an equivalent 

for £250000 cash ? 

100 : Ans. : : 102^ : 250000, 

jins, X -=^ = 25000000, 

-4««. = 25000000 X ^^ 



1235 
= 24291 J}f stock, 
or 24291 i nearly. 
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§107. From these examples it wDl be sufficiently clear that all stocks, 
t>r Government securities are supposed, for the convenience of transfer, 
to be divided into shares of £100 each ; and that these only differ from 
shares in Bailvays, Mines, or other speculations, by the fact of paying 
a fixed rate of interest. Hence any question about Railway shares, or 
the like, would properly fall under the rule we are considering. 

And it is upon the principles which have been illustrated in the 
foregoing examples that all the statements made daily in the News- 
papers concerning the Money Market, the Railway, Mining, and other 
shares, are to be explained : for instance, to explain at length such a 
quotation as the following from TKb Times of November 29th, 1865: 

" Consols opened this morning at a fresh decline of an eighth, and 
ultimately experienced a further fall. The first bargains were at 89f 
to if and the last at 89^ to -J-. For the 7th of December the final 
quotation was 87| to 88 ex dividend." This means that on the morning 
of the day in question a £100 share in the English funds, or consoli- 
dated debt of the nation, was selling for 2«. 6d, or J of a pound less 
than the day before. That the first actual sales effected were at prices 
ranging from 89| to 89}, (%,e, 89 J); but before the business of the day 
closed, the price fell again to 89f (or 89]), or ranged from that to 89 j. 
Next, as of course shortly before a dividend is paid, a share would be 
more valuable, and immediately after one has been paid, would be less 
valuable, the market price of a share for the 7th of December, i.e. what 
a person would give now for a share to be transferred to him on that day, 
was quoted at 87^, or in some cases at 88 ; a share purchased for that 
date being " ex dividend," or not entitling the purchaser to receive the 
half year's dividend of £1 „ 10«. payable on dth January, 1866. 

Again, in the same article we read, " Bank Stock left off at 248 to 
250; India 5 per cents. 105 to i; Exchequer bills, March, 6«. to 2«. 
discount." This means that Bank of England Stock was looked on as 
80 good a security and paid so high a rate of interest, that a share was 
selling for from £248 to £25U; and that a £100 share of the debt of 
the Indian Government, which paid 5 per cent, was selling for from 
£105 to £105^. Exchequer bills are bills issued under the authority 
of Parliament for sums varying from £100 to £1000; and they form the 
principal part of the unfunded or floating debt of the country. They 
bear interest at so much per diem for each £100. In the war at the 
commencement of the present century the interest was Sid. per cent, 
pel diem, which was £5 „ 6«. „ 6}^d, per cent, per annum. The rate of 
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interest was afterwards reduced to 2d, per diem, or £3 „ Os, „ lOd, per 
cent, per annum. Besides the fact of bearing interest, they are con- 
yenient to purchasers because they pass from hand to hand without any 
formal transfer, and because option is periodically given to the holders 
to be paid their amount at par, or to exchange them for new bills to 
which the same advantage is extended. When they bear in the market 
a price above their actual value, say 9s. per cent., they are said to be at 
9«. premium ; when they bear a price in the market below their actual 
value, they are said to be at so much discount ; as in the passage quoted, 
Exchequer bills due in March, were selling at from 6«. to 2& less per 
cent, than the sum which the Government was pledged to pay; i,e» for 
a bill of £100 the sum paid in the market would be from £99 „ 14«. to 
£99 „ 18«. 

The quotations made in the Newspapers concerning shares in Rail- 
ways and Mines are all to be explained on the foregoing principles. 

Ex. 15, A person has 5 shares (£100 paid up) in the Great Eastern 
Railway J and 8 such shares in the South Western : the first of which 
paid a dividend at the rate q/ If, and the latter of 4 per cent. Having 
sold these at 48 and 95 respectively^ he invested half the money in the 
Cape Copper Mine, where the £24 share, paying interest at 6 per cent., 
was at £6 premium ; and the other half in a Joint Stock Bank ; what 
rate of interest ought he to receive from the Bank, in order to increase 
his income by £9 „ 10«. yearly f 

His original income from 5 shares paying If each and 8 shares 
paying 4 each was £40 „ 15». 

By selling the 5 shares for 48, and the 8 shares for 95, he realised 
£1000. Of this he invests £500 in the Cape Copper Mine, being 
entitled, at 6 per cent., to receive £1J} on each £24 share, but giving 
£30 for every such share. Hence 

£30: £500:: \\\vAns., 

30 X Ans, = 500 x — , 

26 

Ans, = 20 X 36 X —- 

;jO 

= 24, income. 

He has now £500 to invest in the Joint Stock Bank ; and from the 
interest derived from that investment, together with the £24 produced 
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by the copper mine, he is to make up his income from £40 „ 15«. to 
£50 „ 58, He must therefore obtain £26 „ 5s. from the investment in 
the Bank; what is the rate per cent ? 

600 : 100 : : 26} : Ans., 

o X Ana. = — — , 
4 

Ans, = — 
4 

= 5} per cent. 

Exercise 19. 

1. How much stock at 93 can be bought for £1581 ? 

2. By the sale of 1600 stock at 88}, what money was produced P 

3. By investing £1000 in the 3 per cents, at 92f, what annual 
income is produced? 

4. A person invested £1500 in the 3 per cent, stock at 88f ; what 
was the amount of his half-yearly dividends ? 

5. When the 3 per cents, are at 75, what amount must be invested 
to produce an income of £120 per annum ? 

6. At what rate per cent, will a person receive interest, who invests 
his capital in the 3 per cents, at 91 ? 

7. A person transfers £3000 from the 4 per cents, at 90 to the 3 per 
cents, at 72 ; find how much of the latter stock he will hold, and the 
alteration made in his income. 

8. If a person be left a third share in a legacy of £3195, and invest 
his share in the 3 per cents, at 88f , what would be the amount of his 
dividend each half-year P 

9. A invests £1000 in the 3 per cents, at 84, JS the same sum in the 

4 per cents, at 110; find the difference between their respective incomes. 

10. How much money must be invested in the 3 per cents, at 84 to 
produce an annual income of £150 P 

11. How much must a person invest in the 3 per cents, at 90|, in 
order to secure a half-yearly dividend of £50 P 

12. What is the real rate of interest obtained by investing in the 

5 per cents, at 93 P 

13. How much stock in the 3 per cents, must be bought when the 
funds are at 88|, in order that by selling out when they are at 90}, 
twenty guineas may be gained P 

cc 
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14. What 18 the actual yalue of a bequest of £2000 in the 3 per 
cents., if sold out when the funds are at 92 J, supposing that a legacy 
duty of 10 per cent, has to be paid on the money realised? 

15. When the 3 per cents, are at 90|, and the 3^ per cents, at 97^, 
in which may capital be invested to the greatest advantage ? 

16. The 3 per cent, stock is at 98f ; what then ought to be the price 
given for the 3} per cents., so as to produce exactly the same rate of 
interest ? 

17. What income can be derived from the sum of £1000, by 
investing it in the 3 per cent, consols, when the price of £100 stock 
is SSI ? 

18. If £3714 „ 19«. be laid out in purchasing 3 per cent, stock at 95}, 
what annual income would be derived from this ? and would it be more 
or less advantageous to invest in the 3} per cent at 97^ ? 

19. If a man invested £1000 in the 3 per cent, stock at 90, and sold 
out when it rose to £100, and then invested the sum he received in 
3} per cent, stock at 105 ; find the income he will receive at last ? 

20. A person sells out £1250 stock of 3 per cent consols when the 
funds are at 96, and invests the proceeds in Railway stock at 75, paying 
an annual dividend of 2 J per cent; what is his increase of income? 

21. A Banker invests money in the 3 per cents, when they are at 
93 f, and, at the end of 5 months, after receiving half-a-year's dividend, 
sells out at 94} ; how much per cent, per annum does he make by the 
transaction ? 

22. A person finds that if he invest a certain sum in Railway shares, 
paying a dividend of £6 per share, when the £100 share is at £132, he 
will obtain £10 „ 16«. a year more for his money than if he invest in 
3 per cent consols at 93. What sum had he to invest ? 

23. A person having £10000 in the 3 per cents., seUs out when they 
are at 65, and invests the produce in the 4 per cents, at 82}. Find the 
change in his income. 

24. How much money must a man invest in the 3 per cent consols 
when they are ten per cent below par, that he may enjoy a dividend of 
a thousand a year ? 

25. If I buy £1000 stock in the new Italian loan at 84J, and sell 
out when the price has fallen to 78}, how much do I lose by the trans* 
action ? 

26. Calculate the difference in income produced by the investment 
ef £1580 in the 3 per cents, at 87}, and in the 3} per cents, at 98. 
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27. How much stock at 99| can be purchased by selling out £1400 
of a different stock which is at 95 ? 

28. A person having £5600 in the 3} per cents., sells out at 93, and 
invests the proceeds in a stock which pays 5 per cent and is at 110} ; 
required the alteration in his income. 

29. A person investing in the 3 J per cents, pays i for brokerage and 
obtains 4 per cent, on his money. At what price does he buy in ? 

30. On a certain quantity of stock the unclaimed dividends amounted 
in 7 years to £616 : if 2| were the rate of interest which the stock paid, 
and if when claimed the stock were sold at 81|; find what sum it 
realised. 

31. A person invests £4470 in the 3 per cent consols at 93 ; what 
amount of stock does he receive, allowing for commission 28, „ 6(1. per 
cent on the stock purchased? And what income will be derived 
from the investment, after deducting an income»tax of 16 pence in 
the pound? 

32. Would a person increase or diminish his income by selling £1157 
stock in the 3 per cents, at 83^, and purchasing into the 3} per cents. 

at 90A ? 

33. A person invests £1500 in the 3 per cents, when they are at 96|, 
what is his annual income therefrom ? If he sell out at 94, what will 
be his loss, the broker's commission being in each transaction 10«. 
per cent. ? 

34. What sum must a person invest in the 3 per cents, at 90, in 
order that by selling out £1000 stock, when they have risen to 93^, and 
the remainder when they have fallen to 84}, he may gain £6 „ 5«. by 
the transaction ? If he invest the produce in 4 per cents, at par, what 
will be the difference in his income ? 

35. A person sells out of the 3 per cent, consols at 91}, and buys in 
again when they have fallen 2} per cent What difference will this 
make in his income, if he now possesses £800 stock ? 

36. A person buys 800 stock in the 3 per cents, at 85, and 500 more 
at 97 ; how much per cent will he realise on his outlay, after paying 
an income-tax at 4d, in the pound ? 

87. If the 3 per cents, give 3 per cent clear, after paying an income- 
tax at 9d. in the pound, what must be the price of the 3 per cents. ? 

38. Shew that the rate of interest obtained by investing in the Dutch 
2} per cents at 87} is to that obtained by investing in the Russian 3} per 
cents, at 94}, in the ratio of 18 : 25. 
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39. How much stock at 88 must be sold out, in order to pay im- 
mediately a bill of £913, due 9 months hence, allowing 5 per cent, 
simple interest? 

40. One company guarantees to pay 5 per cent on shares of £100 
each; another guarantees at the rate of 4f per cent, on shares of 
£7 „ 105. each ; the price of the former is £124 „ 10*., and of the 
latter £8 „ 10«.; compare the rates of interest which the shares return 
to purchasers. 

41. When the French 3 per cents, are at 69 francs „ 45 centimes, and 
the English 3 per cents, are at 87f , compare the rates of interest obtained 
by investments made in France and in England. 



CHAPTER XVI. 

EXCHANGE. 

§108. By the rule of Exchange we are to find what amount of the 
money of one country will pay a debt in the money of another country. 

International trade is carried on by exporting from one country the 
articles produced in it, and importing from other countries the articles 
of commerce produced by them; but in order to facilitate the trans- 
mission of money to pay for the goods imported. Merchants have de- 
vised a scheme of drawing upon one another by hills of exchange; 
which may be explained to be written orders, addressed by one person 
to another, directing the latter to pay on account of the former to some 
third person a certain sum of money at a specified time. These bills 
are negotiable, and are transferred from hand to hand. 

Now as difierent countries make use of difierent coins, containing 
different weights of pure metal, and consequently differing in value, 
the first thing the merchant would require to know would be the actual 
amount of pure gold and pure silver contained in the several coins of 
the various countries with which he traded; he then could reckon how 
many of the coins of any foreign country would be an exact equivalent 
for a certain number of the coins of his own country. If for instance 
it is known that the English sovereign is exactly equivalent to 4*87 
American gold dollars, or, what is the same thing, that 100 sovereigns 
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are equivalent to 487 gold dollars, this establishes what is called the 
par of exchange between England and America. But if one country 
makes use of gold for its standard, as England does, and another country 
makes use of sihoer^ it is impossible to fix an invariable par ; because as 
the market price of silver varies, the value of foreign silver coins fluc- 
tuates, while the silver coin of England will possess a conventional 
value, independent of the market price of silver. Notwithstanding this, 
it is usual among Merchants to assume a par of exchange as actually 
existing between their own and each of the countries with which they 
trade ; and this is arrived at by taking the average value of the currency 
of these various countries. 

Whenever one country takes an excess of imports over exports, the 
balance of trade is against that country ; and as it can only pay for part 
of the goods taken by goods exported, it must pay for the remaining 
part by bills of exchange obtained from some other country, and for 
which a premium must be paid. Thus an excess of importation causes 
exchange to advance against the importing country. When this occurs, 
the real exchange, or the course of exchange, as it is called, rises above 
par* There is however a limit beyond which this rise cannot advance ; 
for as a debt to a foreign country can be liquidated by the transmission 
of bullion as well as by a bill of exchange, whenever the exportation of 
bullion becomes the cheaper method, the demand for bills of exchange 
will cease.* 

From this it will be seen that while by the par of exchange we know 
what sum of money of one country is actually an equivalent to a given 
amount of the money of another country, by the course of exchange we 
find what sum would, in point of fact, be allowed for it at the current 
market price. 

After a bill faUs due, it is customary to allow a short time for the 
requisite sum to be provided, and a certain number of days of grace are 
granted ; thus, in England a period of three days is allowed to elapse 
after a bill is actually due, before it is legally due. 

§109. In the following examples, the method of performing opera- 
tions by the rule of exchange will be explained : 

Ex. \. If the course of exchange between Paris and London he at 
26*5 francs per pound sterling, what is the value in British money of a 
debt of 2103 francs, 51 centimes f 
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£ £ 
25-5 : 2703-61 : : 1 : Arts., 

Ana. X 25-5 » 2703*51, 

Am. » 106-02 

= £106 „ 0». „ 4{<f. 

Ex. 2. Find th$ value in Portuguese money of £226 „ 2s., exchange 
being 5s, „ 9d. English per milree. 
[In Portugal 1000 rees = 1 milreeJ] 

(5} V 20) : 226 A : : 1 : Ans., 
23 ^ 2261 

ro"^'''-"io"' 

2261 80 

^''*-"-ir"23 

^ 18088 
23 

= 786-4347, &c. 

e 786 milrees „ 434*7| &c. rees. 

§110. Sometimes the course of exchange may be such, that it is more 
advantageous to the Merchant to draw not directly, but indirectly 
through one or more intermediate places. The following questions will 
illustrate the nature of such transactions. 

Ex. 3. When the course of exchange between London and Paris is 

9id. per franc, and Z'63 francs are equivalent to 1 Prussian thaler, and 

24*5 thalers to 34 Austrian florins, and 26 Austrian florins to 12-6 

Venetian dueats,^~if a London Merchant owe to one m Venice 1000 ducats, 

win it be most advantageous to remit by way of Paris, Berlin, and 

Vienna, or direct to Venice, supposing a dueat to be equivalent to 

4«. „ 2d. 9 

4iS, „ 2d. s 60 pence. 

Therefore if he remitted directly, he would remit 60000 pence. 

But remitting circuitously through Paris, Berlin, and Vienna, we 
have the following proportions: writing for the unknown number of 
Austrian florins AF, of Prussian thalers PT, of francs Fr, and x for 
the required niunber of pence. 
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Since 12-6 dacats » 25 AF; 
therefore 
Similarly, rioce 
tberefore 



1 ducat = — - AF. 

34 -4^= 24-5 PT; 
24-5 



lAF 



FT. 



Also 
and 

Now as 



34 

1 Pr= 3-63 J?V, 
1 JV sr 9-5 pence. 



1 ducat 


- ^^ AF 

- 12 6 ^-^' 






1000 ducats 


^1000x25 
12-6 








1000 X 25 X 24-5 
12-6 X 34 


FT 






1000 X 25 x.24-5 


x3*63 


Fr 




12-6 X 34 




•& f 




1000 X 25 X 24-5 


x3*63 


x9-5 




12-6 X ; 


34 






1000 X 25 X 24-5 


xl-21 


x9-5 



4-2 x 34 



pence 



pence 



70406«7-5 



142-8 P"°^" 
« 49304-5, &c. pence. 

Hence or, the required number of pence, is the difference between 
50000 pence and 49304*5 pence, ».«. x - 695*5 pence, or £2 „ 17s. „ 1 l\d»f 
which is the sum that he gains by remitting circuitously. 

Ex. 4. " Twenty hraecia of Brescia are equal to 26 hraecia of Mantua, 
and 28 of Mantua to 30 of Rimini: tohat number of hraecia of Brescia 
correspond to 39 of Rimini T* 

Writing B for the braccia of Brescia, 

M Mantua, 

R Eimini, 
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we have 30 22 » 28 M; 

therefore 1 22 = — Jf. 

30 

Also 26 M ^ 20 JB; 

20 
therefore 1 Jf = — B, 

26 

Now since 1 22 = — M: 

30 ' 

Ijherefore 39 22 = ?^^^ M 

39 X 28 X 20 



30 X 26 
3 X 28 X 2 



3x2 
= 28jB, 
or, the required number of braccia of Brescia is 28. 

Ex. 5. If the par vf exchange be 48. „ 2d. EnglUh for the American 
dollar, hut if an American bill of exchange for 540 dollars be negotiated 
,in London for £104 ; how much per cent, is the course of exchange below 
the par of exch ange t 

At par 540 dollars would be equivalent to 540 x 4| shillings, or to 
2250 shillings, or to £112|. 

But at the current course of exchange only £104 was paid; hence 

104: 112-5:: a?: 100, 
112-5 X X = 10400, 

X = 92-4, 

and 100 - 92*4 = 7*5 = 7f per cent. 

§111. In some countries where the coin in circulation is much clipped, 
Merchants transact their dealings with other nations and keep their 
bank accounts in what they call banco, which may be defined to be 
money aa it ought to be ; and the difference between banco, or money 
as it ought to be, and the current coinage, or money as it is, is called 
agio; which is in fact the per centage by which the clipped coin is 
depreciated. 
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Ex. 6. Convert 1SS6 Jlorina „ 5 siivers „ 12 pennings current coinage 
into hancOf agio being 3^ per cent 

116 pennings = 1 stiver , 20 stivere equal '^ IJlorinJ] 

103-5 : 100 : : 1886-2875 : Ane., 
103-5 X Ane. = 18862875, 

1886287-5 
^''•- " -1035- 
= 1822-5 
= 1822 florins „ 10 stivers. 

Exercise 20. 

1. How many florins, &o,, will be paid in Amsterdam for a bill of 
£1718 „ 28. receiyed from London, when the course of exchange is 
11 florins „ 10 stivers for £1 English? 

2. What sum in London will be paid for a bill of 17694 francs „ 
22 centimes, when the exchange is at 24 francs „ 10 centimes per 
pound ? 

3. What is the course of exchange per milree between Lisbon and 
London, when 4536 milrees are drawn at Lisbon for an English bill 
of £945 ? 

4. What is the agio when 861 florins „ 18 kreutzers currency are 
equivalent to 805 florins banco ? 

(60 kreutzers = 1 florin). 

5. ''Eight soldi of Venice are equal to 13 of Ferrara, and 15 of 
Ferrara are equal to 9 of Bologna, and 12 of Bologna are equal to 16 
of Pisa, and 24 of Pisa are equal to 32 of Genoa; it is required to find 
what number of Venetian soldi correspond to 300 of Genoa." 

6. "Six eggs are worth 10 danari, and 12 danari are worth 
4 thrushes, and 5 thrushes are worth 3 quails, and 8 quails are worth 
4 pigeons, and 9 pigeons are worth 2 capons, and 6 capons are worth 
a staro of wheat; how many eggs are worth 4 stara of wheat?" 

7. When the direct exchange between London and Lisbon is 
44 pence per milree, and 340 milrees are due to an English merchant, 
how much would he lose or gain if, instead of being remitted directly, 
it was remitted as follows : from Lisbon to Venice at 96 milrees per 
100 ducats; from Venice to Cadiz at 1 ducat per 320 maravedies; from 
Cadiz to Paris at 80 maravedies per franc; and from Paris to London 
2d francs per £1 sterling? 

DD 
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CHAPTER XVIL 

PROFIT AND LOSS. 

§112. The point to be considered in all questions in this rule is not 
the actual gain on each article sold, but the gain which every £100 
outlaid upon such articles would bring in. For this is what a trades- 
man requires to know, viz. the rate per cent, at which he is employing 
his money ; he can then determine whether it would be more profitable 
to lower the price of his goods in order to obtain larger custom and 
quicker returns; or 'whether he should raise the price of everything 
he sells. But in either case he will lower or raise the price in pro- 
portion to the cost price, and will not add the same sum to the price 
of every article he has to sell, irrespectively of what he gave for it. 

It is a common mistake to suppose that in trade the gain per cent, 
means the gain made by selling an hundred articles ; whereas, we repeat, 
it is the gain which £100 outlaid upon such articles would bring in. 

Again, it is a fallacy to suppose, because the actual gain on each 
article sold may be higher in one case than another, that this must 
necessarily be the most profitable trade. When one man buys clay 
pipes for a farthing each, and sells them for a half-penny each, although 
he gains only a farthing on each pipe sold, yet he doubles the capital 
he employs, or gains cenL per cent, ; whereas should another buy meer- 
schaum pipes for a pound apiece and sell them for a guinea, he gains 
a shilling on each pipe ; and yet as he only gains one shilling on every 
twenty outlaid, this is but Jive per cent, and his trade is not nearly so 
good as the other man's. 

The things necessary to be considered by the trader are the prime 
cost or cost price, that is, the sum originally given by him for the 
article ; the retail price, or selling price, that is, the sum at which he 
determines to sell it ; and the gain or loss per cent, which he will make 
or incur by this. 

In general it will be only necessary to remember the following pro- 
portions, viz. : 

cost price : retail price : : 100 : 100 -i- gain per cent,, 

or, cost price : retail price : : 100 : 100 - loss per cent, 
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for from these we shall he ahle to determine the term which is unknown, 
as will he illustrated in the following examples : 

Ex. 1. Bought an article for £16; tohat mutt I sell it at to gain 
40 per cent, f 



o(Mt price retail price 
16 : An8, : : 


100 : 140, 


Ane. 


. X 100 » 


' 16 X 140, 




Ane. s 


16 X 140 

100 




s 


£21. 



Ex. 2. W%at was the coat price of an arUde which when sold for 
£90 realised a gain of 20 per cent, f 

cost price retail price 

Ans. : 90 : : 100 : 120, 



120 


X Ans, 


« 90 X 100, 




Ans. 


90x10 
12 

= £76. 



Ex. 3. When IseU for £26 „ 49. goods for which I give £16 „ 16*., 
what is the gain per cent, f 

In this case the unknown term is not the answer, hut is 100 + the 
gain, where the gain is the answer. We state therefore 

16} : 25} : : 100 : x, 
-r- X « = -T- X 100, 

4 

126 ^^ 4 
^--6-^^^^63 

-:160. 

Hence 160 - 100 s 60 a the required gain per cent 

We might have arrived at the same result thus : from £26 „ is. 
deduct the prime cost £16 „ 16s, The difference, £9 „ 9«., is the gain 
made upon the outlay of £16 „ 15s, What would £100 outlaid on the 
same terms hxing in P 

16f : 100 : : 9^^ : Ans.^ 
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63 ,^^ 189 
4 20 

,AA 189 4 
.<«.. = 100x — X- 

s 60, the gain per cent. 

Ex, 4. If hy HUing goods at £\Z ,y 6s. „ Sd. per cwt, a loss of 20 per 
eenU was sustained; what was the prime cost f 

Ans. : 13} : : 100 : 80, 

80 X Ans. = -n- X 100, 
o 

^n,.=-xl00xg5 

^50 
" 3 

= 16f5 
therefore £16 „ 13*. „ ^d. the prime cost. 

Ex. 5, If a tradesman gain 5s, „ 6d, on an article which he seUs for 

22s,f what does he gain per cent, on his outlay f 

By selling for 22«.he gains 6s, „td,\ therefore he gave 22««~5«. „ 6J., 

or 16*. „ 6(^. 

16} : 22 : : 100 : Ans., 

^ X Ans. = 22 X 100, 

Ans. « 22 X 100 X ^ 

2 X 100 X 2 
" 3 

400 
3 

= 133J J 

therefore 33)^ is the gain per cent 

Ex. 6. The cost price of a cash of wine containing 36 gallons was £42 ; 
to this a merchant added 3 gallons of water; at what price per gallon 
must he sell the mixture in order to gain ZOper cent, t 
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He sold 39 gallons, which cost him £42, at a gain of 30 per cent. ; 

therefore 

42 : An8. : : 100 : 130, 

10x-4fi». = 13x42, 

13x21 

Ans. = , 

5 

and each gallon cost ^^ of this sum ; therefore 

1 13x21 7 -a «, Q ^, . "„ 

-rr X — - — = -r = If = £1 ,1 8«. the price per gallon. 

o9 O 

Ex. 7. By seUing fiour at the rate of 3«. „ d^d. per stone, a dealer 
gained 4 per cent on his outlay. How much per cent, would he lose if 
he sold it at 3s. „ \\d. per stone f 

We might in this case find first the prime cost ; and when we had 
found this (which is Ss. „ 4d.) we mi|;ht then by a second statement find 
the loss by selling at 3«. „ lid. But it will be sufficient to make one 
statement only, if we bear in mind the following proportion : 

Price when he gains : price when he loses : : 100 + the gain per 
cent : 100 - the loss per cent. 

3«. 



„ 6Ji. : 3«. 


„ Hd. 


:: 104:^ 


3A X X 


«3Jx 


104, 




62 
16* 


25 


104, 




X 


25 


104 X 


15 
52 



= 93Jj 
therefore 6^ is the loss per cent. 

Ex. 8. A merchant sells 72 quarters of com at a profit of Sper cent, 
and 37 quarters at a profit of 12 per cent. : if he had sold the whole at 
a uniform profit of 10 per cent, he would have received £2 „ lis, „ 3(^. 
more than he actually did; what was the price he paid for the com f 

The Ans, will be the prime cost in shillings of a quarter of com; 
Every £100 outlaid in purchasing the 72 quarters would bring in 108; 
Every £100 outlaid in purchasing the 37 quarters would bring in 112. 
So that the sum realised by the sale was 

^o A 108 _ . 112 
72 X Am. X TTiTJ + 37 X Ann. x -— . 

100 100 
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Had he sold the 109 quarters at 10 per cent, profit, he would in that 
case have received 

109 X Ana, x — - . 
But this was greater than the sum actually received by 54^8. Hence 
109x^«..xJ12-(72x^„..x|g,37x^«..xll?) = 64i. 
7109x11 72x27 37x28\ . 217 

v~io 26 sr";"^*"-"!"' 

7 , 217 
T— jini, « — . 
10 4 

. 217 10 
Atu, = -— X -— 
4 7 

310 
4 

Ex. 9. If a grocer retails hie sugar so that he charges for every 8 lbs, 
the exact sum which he paid for every 9 lbs., what will be his gain per 
cent,t 

The buying price of 1 lb. : the selling price of 1 lb. : : 8 : 9 ; 

therefore 8:9:: 100 : or, 

8«»900, 

therefore \2\ is the gain per cent 

Ex. 10. A merchant buys tea at 2«. „ Zd, a lb., and some at 3«. „ 6d, 
a lb. ; in what proportion must he mix them, so that by selling the mixture 
at 4«. alb. he may gain 20 per cent, f 

As he gains 20 per cent by selling a lb. of the mixture for 49., sup- 
pose d; to be the prime cost of a lb. of the mixture ; then 

a;: 4:: 100: 120, 

12a; » 40, 

d; s di s 3«. „ 4dL 

Now on every lb. of the 2s, „ Zd, tea that is raised in value by mixing 
to 3«. „ 4d. he gains 13d!i 
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And on every lb. of the Zb, „ 6 J. that is depreciated in talne by 
mixing to 3«. „ id, he loses 2d, ; 

Therefore on 2 lbs. of the cheaper tea his gain is equivalent to his 
loss on 13 lbs. of the dearer tea. 

Or he must mix them in the ratio of 2 : 13. 

Ex. 11. By selling 4 dozen cigars for 13«. it was found that foths of 
the money outlaid was gained: what ought the retail price per cigar to 
have been, in order to have gained 60 per cent, f 

First, we can find the prime cost of the 48 cigars, which, when sold 
for \Zs,y brought in the prime co^t plus j^ of the prime cost, i,e, brought 
in I g of the prime cost ; for if 

\% of prime cost = 13«., 

prime cost = 10«. 

Next, lOs.xxix 100: 160, 

100 X a: = 10 X 160, 

x = \6s,\ 

therefore pnce per cigar is — -^ — or 4a. 

Exercise 21. 

1. Bought articles for \bs, each ; what must I sell them at to gain 
60 per cent. ? 

2. What was the retail |)rice of an article which cost 10«., and when 
sold realised a profit* of 10 per cent. ? 

3. Bought a horse for £72, and sold it for £84 ; what was the gain 
per cent. ? 

4. I bought a pipe for lis, 6d,, coloured it, and sold it to a &Iend 
for 2Ss. ; he tired of it and sold it again for a guinea ; how much per 
cent, did I gain and he lose P 

5. If a grocer buys tea at 4«. per lb., and sells it at 4«. 8 J., what is 
his gain per cent. ? 

6. If 25 yards of butter cost 30*., what is the gain per cent, by 
retailing it at old. per foot ? 

7. A grocer mixes equal quantities of teas which cost him 3«. „ Sd. 
and 4». „ 4rf. respectively ; what must be the selling price of the mixture, 
in order that he may gain 1 5 per cent, on his outlay ? 
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8. A tradesman finds that if he asks for his goods 15 per cent above 
the prime cost, he can sell his whole stock in 4 months ; whereas, if he 
asks 20 per cent., he requires 6 months to sell the same amount; which 
will he find the more profitable system at the year's end ? 

9. A merchant has teas worth 5«. and Zs, „ 6d, per lb. respectively, 
which he mixes in the proportion of 2 lbs. of the latter to one of the 
former ; how much per cent, will he gain or lose by selling the mixture 
at 48, „ 6d. per lb. P 

10. If a 38-gallon cask of wine cost a merchant £25, and he loses 
8 gallons by leakage, how must he sell the remainder per gallon in order 
to gain 10 per cent, upon his outlay? 

11. Bought 2 tons „ 3 cwt. „ 3 qrs. of sugar for £95; freight and 
other expenses amounted to £4 „ 3s. „ 4d, j what must be the retail 
price per lb. to gain 50 per cent.? 

12. If by selling tracts at 7s. per thousand, |ths of the money outlaid 
in purchasing them was cleared, find, when afterwards the price was 
raised to 8«. „ 6d, per thousand, what was the gain per cent, at the 
increased price. 

13. A grocer buys some tea at 4«. a pound, and some at 5s. „ 6d. ; 
in what proportion must he mix them, that when he sells the tea at 
6s. per pound he may be making a profit of 20 per cent. P 

14. A corn factor buys 2 quarters of wheat at 49s. per quarter, and 
7 bushels at 7s. per bushel ; at what rate per bushel must he sell the 
mixture so as to gain 5 per cent, by the transaction P 

15. A person buys some tea at 6s. per lb., and also some at 48. per 
lb. ; in what proportion must he mix them so that by selling the mixture 
at 5s. „ '*id. per lb., he may be gaining at the rate of. 20 per cent. P 

16. A merchant buys 1260 quarters of corn; one-fifth of which he 
sells at a gain of 5 per cent., one-third at a gain of 8 per cent., and the 
remainder at a gain of 1 2 per cent. If he had sold the whole at a gain 
of 10 per cent., he would have obtained £22 „ 13s. more; what was 
the prime cost per quarter? (S.-H., Jan. 1856). 

17. If 100 lbs. of tea be bought for 4 s. „ 4d, a pound and sold at 58., 
and 100 lbs. of sugar be bought at 6d. and sold at Id., what profit per 
cent, will be realised on the outlay? (S.-H., Jan. 6, 1852). 

18. A wine merchant buys 12 dozen port at 84s. per dozen, and 
60 dozen more at 48s. per dozen ; he mixes them and sells at 72s. per 
dozen; what profit per cent, does he realise on his outlay? (S.-H., 
Jan. 3, 1860). 
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19. A tradesman bought rice at £2 „ 28. „ 6d, per cwt., and finding 
it damaged sold it at a loss of 7 per cent ; what did he sell it at per lb. P 

20. An article is sold for £1 „ 8«. „ lO^d. at a loss of 5 per cent i 
at what price should it have been sold to gain 5 per cent. P 

21. If by selling sugar at 6d, per lb. 10 per cent be gained; what 
would be the gain or loss per cent by selling it at d^d. P 

22. If a corn dealer by selling 52 quarters of oats for £69 „ 6«. „ Sd, 
lose 10 per cent, what ought to have been the price per bushel in order 
to have gained 8 per cent. P 

23. A merchant bought wines at 30«.y 40«., and dOs. per dozen $ 
these he mixes in the ratio of 5, 4, 3 ; and sold the mixture at 57s« ,, 6d. 
per dozen ; what did he gain per cent P 

24. If wine which in Germany cost a thaler (3«.) the bottle, after 
paying a duty that is 40 per cent, on its prime cost be sold in England 
for 72«. the dozen, what is the merchant's gain per cent. P 

25. If the price of goods be 35 florins „ 5 cents. „ 4 mils per cwt, 
and they be retailed at 8|<f. per lb., find (in pounds) the gain per cent. 

26. Bought 1000 cigars abroad for £3 „ 15«. ; paid an ad valorem duty 
of 120 per cent ; what must be the retail price per cigar to clear a profit 
of 48 Jf per cent, on the entire outlay P 

27. A man having bought a lot of goods for £150, sells one-third at 
a loss of 4 per cent; by what increase per cent, must he raise that 
selling price in order that by selling the rest at the increased rate he 
may gain 4 per cent, on the whole transaction P 

28. A person buys 400 yards of silk for £80, and sells 300 yards at 
58, „ Qd, a-yard, and the rest, which is damaged, at 2s. a-yard ; find how 
much per cent he gains or loses. 

29. A person sells a piano at a loss of 4 per cent, on the cost price; 
had he sold it for £4 „ lOs. more he would have gained 5 per cent. ; 
what was the prime cost of the piano P 

30. If a person by selling an article for 8«. „ 3 J. lose 17f per cent, 
what should he have sold it for, to gain 40 per cent. P 

31. A merchant sells 49 quarters of corn at a profit of 7 per cent., 
and 84 quarters at a profit of 1 1 per cent ; find if he had sold it all at 
a profit of 9 per cent, he would have received £2 „ 10«. „ 9di less than 
he actually did ; what was the price he paid for the corn P 

32. A person sold 72 yards of cloth for £8„ 14«.; his profit being 
the cost of 11*52 yards, how much did he gain per cent P 

3S. A market-woman in the morning sells her butter at 15 per cent. 
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profit : in ^e afternoon tHe priee rises a pennjr per lb., and she makes 
20 per cent, profit; what did ber batter cost her? 

34. If a costermonger sells liis cabbages so as to get for four what 
he paid for five, what is his gain per cent. ? 

35. Supposing a tradesman visfaes to make 20 per cent profit on 
his outlay, how many lbs. of tea most he haye bought for the price 
which he charges for 5 lbs. ? 

36. The cost of the labour on a &rm in a certain year is £100 : the 
rent and the other expenses amount to £950, and in that year the return 
is only just equal to the expenditure: find the amount which must be 
paid for labour in the next year in order that if the return be better in 
the ratio of 5 : 3, and the rent be lowered £50, the fiumer may gain 
88} per cent on his whole outlay for the two years. 



CHAPTER XVIII. 

DUODECIMALS, OB CB08S MTTLTIPIJCAnOK. 

§113. Cross Multiplication is the method of computing how many 
superficial or square feet there may be in any surface; or how many 
solid or cubic feet there may be in any solid body. 

Here each foot is divided into 12 equal parts called primeSf each 
prime into 12 equal parts called aeeondSf each second into 12 equal parts 
called thirdsi and so on. And it must be remembered that a prime is 
the twelfth part of a foot, whether the foot be linear, square, or cubic : 
in liriear measure, since an inch is ^^ of a foot, a prime and an inch will 
mean the same thing : but in square measure an inch is i\i of a square 
foot, and in cubic measure an inch is ffV« of a cubic foot : and therefore 
a prime (which is always ^^ of a foot) will be a very different thing f^om 
an inch in square and cubic measure. 

fll4. When any line is divided into feet, primes, seconds, &c. we 
observe that all the denominations are connected by the same number, 
viz. 12; or, that they decrease in a twehe-fold ratio, from the place of 
feet towards the right hand. 

Hence the process is often called duodecimal multiplication ; but this 
name cannot be properly applied to it, because the different digits of the 
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Tftrioui denominatioiu are not connected with each other bj the number 
12, though the denomiuationi themselTee are. 

§116. A square yard^ a square foot, a square incA, mean respectively 
a square each side <^ which measures a yard, afoot, or an inch. Similarly 
a cubic yard, foot, or inch is a solid contained by sui equal squares, each 
side of which measures a yard, foot, or inch. 

§116. We can compute the number of square feet, &e. contained in 
any rectangular parallelogram, if we multiply the feet, primes, &c. in 
one of its sides by the feet, primes, &o. in the adjacent side* Similarly 
the content of a solid is obtained by multiplying together its length, 
breadth, and thicknessu 

Although the rule for finding the area of a rectangle is commonly 
given in some such short and compendious form as this, it is never- 
theless important to observe that when so stated it is in a very abbre- 
viated form; we should be more correct if we said " multiply together 
the number of linear units in the two sides ; the result is the number 
of square units (that is, squares on the linear unit) in the rectangle.^ 
When without any explanation it is nakedly stated that " feet into feet 
give square feet," or, what is the same thing, that " the product of the 
adjacent sides of a rectangle is the area,'' the misapprehension Is very 
often produced on the learner's mind that it is possible for two lines to 
be multiplied together, and that a rectangular figure is the product ; as 
well might he imagine that it would be possible to multiply together 
ten shillings and seven yards of silk, and obtain as a product seventy 
shillings. It is true that, at ten shillings a yard, seven yards of silk 
would cost as many shillings as there are units in 10 x 7 ; and a rect- 
angle, whose sides are ten and seven feet, contains as many square feet 
as there are units in 10 x 7 ; but ten feet can no more be multiplied by 
seven feet than ten shillings by seven yards. 

A good deal of this confusion arises from the two-fold sense in which 
the word square ib used ; in Geometry, a square is a four-sided figure 
having all its sides equal and all its angles right angles ; in Arithmetic, 
it signifies the number produced by multiplying a number by itself. 
A square therefore described upon a line 6 inches long will be a rectangle 
6 inches in length and 6 inches in width ; and if this contain 25 square 
inches, the operation of midtiplying 6 into 6 will be the Arithmetic of 
finding the content of a square 5 inches long and 5 inches wide. 

We may now go on to explain how the area of any rectangle 
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may be obtained if we know the length of its two sides. If as the 
superficial unit we choose a square whose side is equal to the unit used 
in measuring length (say an inch), we may immediately tell how many 
times and parts of a time the gi?en rectangle contains the assumed unit. 
Measure one side and see how often it contains the unit of length (the 
inch); suppose it contains it 3^ times; measure the other side, and 
suppose it contains it 4} times; then the product of these two, yiz. 

17 119 ... 
or 14J 



7 



119 



is the number of timet which the rectangle to he meaeured contains the 
square assumed as the unit. This is what is meant when we say that 
the area of any rectangle may be found by multiplying together the 
units of length in two of its adjacent sides ; and the correctness of the 
result may be shown by the annexed diagram : 
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The whole rectangle is divided into 12 rectangles, marked 1, each equal 
to the unit of superficial measurement, t.0. each of which is a square inch ; 
four rectangles at the bottom, marked ^, each of which is half of ^ square 
inch ; three rectangles at the side, marked \, each of which is a quarter 
of a square inch ; and one rectangle, marked |, which is one-eiffhih of 
a square inch ; hence on the whole we have in the large rectangle the 

square inch repeated 

4 3 1 

12 +•-•}- J + - times, or 14| times. 

After this explanation we may adopt the practical rule for measuring 
any surface, and multiplying the two sides of any rectangle together 
may call the product the area. But it would help us to avoid miscon- 
ceptions if while we spoke of the square of a number, we always spoke 
of the square on a line. 

The observations regarding square measure apply, mutatis mutandis, 
to cubic measure. 



§117. Having premised thus much, when practically applying the 
rule of cross-multiplication, remember that 
feet X feet give square feet 
feet X primes give primes 
feet X seconds give seconds 



primes x primes give seconds 
primes and seconds give thirds 
seconds x seconds give fourths 
seconds x thirds give fifths 



e,ff, 2 feet x 2 feet = 4 square feet, 
e,g, 2 feet x A ^®®* = A «= 4'> 
e.g. 2 feet x yJ* ^ee* = tJt ~ 4"» 
e.g. A ^6®t X A ^"set = ^ir *= 4", 
e.g. A feet x xJ^ feet = i^^-, = 4'", 
^'ff' tJt feet X xJt feet = 90 eT7 = 4"", 
e.g. 1 Jt feet x nVa feet = r^rsi » 4'"". 
It may be a help to the memory here to observe that, as in Algebra 
when we multiply together powers of like quantities, we add the indicee, 
so in this cross-multiplication, by adding together the denominations of 
the factors, primes and seconds, seconds and thirds, &c., we obtain the 
correct denomination of the product : thus 3'' x 2' » 6% (multiply and 
add the indices), 

Ex. 1. Mnd the area of a parallelogram whose sides measure 6 feet » 

3 inches and ^feei „ 9 inches. 

5„ 3' 

4„ y 

21 „ 0' 
3 „ ir „ 3" 

24 „ 11' „ 3" 
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Commencing with 4 fbet, the higheit denomination in the nniltiplier, 
we multiply by it 3 primes, the loutui denomination in the multiplicand : 
now 4 feet x 3 primes •12 primes; but 12 primes a 1 foot, therefore set 
down in the place of primes, and carry one, to the place of ibet; 
4 feet X 6 feet » 20 feet, and adding the one carried, we get 21 feet. 
Next multiplying by the other term in the multiplier, we haye 9 primes 
X 3 primes • 27 seconds : but these, on dividing by 12, are found to 
equal 2 primes and 3 seconds : write 3" one plate to the right hand, 
which is the place of seconds, and carry 2 to the place of primes: 
then 9 primes x 6 feet « 45 primes; and adding the 2 carried, we get 
47 primes, which, on dividing by 12, equals 3 feet and 11 primes. Add 
these results, and we obtain, as the area, 24 square feet, 11 primes, 
3 seconds. 

If it be required to turn the primes and seconds into iqttare McAet, 

we hare 

11 3 132 3 136 ,„^ . , 

12+144"l4i+lil-l44''^^'"^^"^"^^^^'' 

(a result which may be practically obtained by multiplying the prime* 
by 12, and adding the ueond*); therefore area is 24 square feet 
135 square inches. 

Ex. 2. Bequirtd th» loUd content qf a etAe, each tide of vhiek 
metuwee 2 feet 9 inehe*. 

6„8' 
2 „ tf ,. 9" 



7 „ 6' „ 9" 
2„9r 



15 » 1' „ 6' 
g » 8' „ 0^' „ 9-" 
20„9'„6"„9"' 

Therefore 20 cubic feet „ 9 primes „ 6 seconds „ 9 thirds is the re- 
quired content. 

To convert this answer into cubic feet and cubic inches we have 

12 ■*" 144 "'' 1728 " 1728 "^ 1728 "*" 1728 " 1728 ' 
(a result which practically may be obtained by multiplying the primee 
by 144, the teeonde by 12, and adding to the sum of these the thirde) ; 
therefore 20 cubic feet „ 1377 cubic inches. Ane, 
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Bepdred arm of a 9qiuar$f whete ndetnwasure IJbit ^ 8' n 9". 



64^1'.. 3" 



69 „ 8' „ 10" „ 6'" „ ©"" 

I'" . 0"" AT* 

12 144 



6 9 

Here 8' „ W equal 106 square inches, and 6'" „ 9"" are r^ and 



Hence 59 square feet 106,^ square inclies. An9» 

Ex. 4. TFhat is the cost of a carpet for a room fnoasurtng 16 feet „ 
5 inches in breadth, and 20 feet n 9 inches in letigth, at 6s. ^ 6d, per yard t 

20 „ 9' 
16 „ 6' 



332 „ 0' 
8 „ r „ V' 

square feet 340 „ 7' ,, 9" « 340 square feet „ 93 square inches « 340iW. 

Therefore 9 square feet : 340JJ : : 5} : « shillings, 

« 16351 11 
^'"-48-^-2' 

16361 11 1 16351x11 « 

X a — — - X — ' X - a ■ ' ■ jE 

48 2 9 48x18x20 

= £10 „ 8«. „ lUid. 

Ex. 6. 7F%a^ fffouZt^ &« <Atf cost of papering a room of which the 

following are the dimensions: length 2ifeet „ 7 inches; width 20 feet „ 

6 inches; height 15 feet; (dlowfor three windows, each II feet „ 9 inches 

by 2 feet „ 10 inches, and for a door 6 feet „ 6 inches by 3 feet; and 

suppose the paper to be 30 inches wide and to cost 6d, per yard f 

To obtain the area of the side ivall we should multiply the length of 
the room by the height ; for the area of the end wall we should multiply 
the width by the height : by doubling each of these products we should 
get the area of the two sides and the two end walls; and by adding 
together these two results we should obtain the whole superficial area of 
the four walls. 
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Bat if we first add together the length and the breadth, and multiply 
the sum by the height, we should obtain the area of a space equal to one 
side and one end wall ; and by doubling this we should get the area of 
the four waUs; hence in practice the rule is, add together the length and 
the breadth, muUiply the sum by the height, double this result, and we 
have the area of the four walls of the room. 

Hence 24 „ T length 

20 „ 5' breadth 

45 
16 



675 
2 



1350 square feet in the 4 walls. 



For the windows 11 „ 9' 

2 ,,10' 



23 „ 6' 
9„ y„6-' 

33 „ 3' „ 6" 



99 „ lO* „ 6" area of 3 windows 

19 „ 6' area of door to be added 



119 „ 4' „ 6" total to be subtracted. 

1350 
119„4\,r 

1230 „ T „ 6" area to be papered. 

Now a strip of paper 30 inches, t.e. 2| feet wide, and 3 feet long, 
although not a square yard, is called a yard, and costs 6<f. 

2^ X 3 : 1230^ ii^d.i Ana., 

5 o ^ 9845 ^ 

- X 3 X Ana. = — ^— x 6, 
2 o 

9845 o 2 1 

Ana, s — r— X 3 X - X 5 

4 5 3 

1979 
= — jr— pence 

- £4 „ 2a. „ Old. 
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Ex. 6. The area of a rectangular JUld is 1 acre „ ipolee „ 12 yards „ 
Ifeet, and one side is 50 yards „ 24 inches; find the length of the other 
side. 

Since length x breadth ~ area, 

®°?^ ■ breadth ' 

44764 
Now 1 acre „ 4 poles „ 12 yards „ 7 feet = — - — square yards, 

152 
and 50 yards „ 24 inches = —-- linear yards ; 

44764 3 
therefore — jr— x -r^ = 99 yards „ feet „ 3^ inches, 

9 152 

the length required. 

Ex. 7. Gunter's chain consists of 100 links, and 10 square chains 
make an acre. What is the area of a rectangular field, whose sides are 
78 chains „ 23 links, and 42 chains „ 70 links respectively f 

78 x% = 78-23 chains, 

42i^o« 42-7 chains; 

therefore area of field in square chains is 

78-23 
42-7 



54761 
15646 
31292 



3340*421 

Dividing this by 10 to bring it into acres we have 334*0421 acres ; or 
334 acres „ 6 poles „ 22 f^^ yards. 

« 

Ex. 8. What would he the price of apiece of timber, which measures 
in length 10 feet „ 4 inches, in width Ifeet „ 3 inches, in thickness 7 inches, 
at 2s. „ 2d. per cubic yard f 

10 „ 4^ 
7„ 3- 

72 „ 4' 

2„ r„o^- 

74 „ 11' 

r 

43 „ 8' „ 5" 

PF 
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therefore iSHi cubic feet is the solid content of the piece of timber 

cub. feet cub. feet 

27 : 431?i : : 2|«. : Ans., 

^^ ^ 6293 13 

6293 13 1 
Ana, = -r— r ^ -r- x :^ 
144 6 27 

81809 



23328 
= 3«. „ Q^d, nearly. 

Exercise 22. 

1. Find the area of a rectangle measuring 28 feet „ 9 inches, by 
10 feet „ 10 inches. 

2. What is the area of a floor measuring 22 feet „ 6 primes „ 4 
seconds in length and 10 feet „ 5 primes „ 8 seconds in width? 

3. What is the content in cubic feet and inches of a regular solid, 
whose dimensions are in length 23 feet „ 10 inches, in width 18 feet „ 

4 inches, and in thickness 1 1 feet „ 3 inches ? 

4. What is the superficial area of a rectangle 15 feet „ 3 primes „ 

5 seconds long, and 8 feet „ 4 primes „ 8 seconds wide ? 

5. The length of a rectangular area is 3 feet „ 7| inches, and the 
width is 2 feet „ 5| inches; find the square feet and inches it contains, 
and its value at 1 oa, a square foot. 

6. The length of a room is 15 feet, breadth 10 feet, and height 
9 feet „ 9 inches ; find the expense of painting the walls and ceiling at 
Is. „ 9d. per square yard. 

7. Find the difference of the areas of the floors of two rooms, one 
of which is 12 feet „ 6 inches long, by 10 feet „ 3 inches, and the other 
15 feet „ 8 inches, by 11 feet „ 4 inches. 

8. What length of paper f of a yard wide, will be required to cover 
a wall 15 feet „ 8 inches long, 11 feet „ 3 inches high? 

9. How many cubic feet are there in a solid, whose breadth is 
9 feet „ 3 inches, length 11 feet „ 3 inches, and height 3 feet „ 2 inches? 

10. Find the thickness of a solid, whose length is 2 yards, breadth 
a yard and a-half, and solid content 1 cubic yard „ 6 cubic feet „ 1296 
cubic inches. 
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11. Find the breadth of a room, the length of which is 17| feet, and 
the area 250f feet. 

12. What will be the price of carpeting a room 13 feet „ 4 inches 
long, and 12 feet „ 6 inches broad, at is, „ 6d, a square yard? 

13. What will the carpeting of a room 16} feet square amount to, 
at 4«. „ lO^d, a, square yard ? 

14. How much will remain out of 393 square feet of carpeting, after 
covering a floor 23 feet „ 8 inches long, and 16 feet „ 7 inches broad? 

16. Find the number of square feet in a floor whose length is lOf 
yards, and breadth 5| yards; and the price of paving it at 28, per square 
yard. 

16. The dimensions of a grass plot are 23 feet „ 8 inches in length, 
and 16 feet „ 7 inches in breadth ; round it a walk 10 feet wide is con- 
structed, and paved at Is. „ lO^d. per square yard; what is the cost of 
the paving ? 

17. There is a court which is 120 feet „ 9 inches square, containing a 
grass-plot in each corner 50 feet square ; the rest of the space consists of 
walks crossing each other at right angles, which are paved with flag- 
stones down the middle of them for a width of 6 feet „ 9 inches, and for 
the remainder with pebbles. The flag-stones cost Ss. per square yard 
and the pebbles U. „ 6d. ; what was the entire cost of the paving? 

18. If 69 yards of carpet, f of a yard wide, will cover a room which 
is 10| yards long ; what is the width of the room ? 

19. What length of carpet that is 3-quarters of a yard wide, will 
cover a room that is 19 feet „ 6 inches long, and 15 feet,, 9 inches wide ? 

20. Find the length of paper 3 feet „ 6 inches wide required to paper 
a room 9 yards long, 6 yards wide, and 14 feet high. 

21. What is the cost of flooring a passage 14 feet „ 6 inches long, 
5 feet „ 7 inches broad, at 28. „ Sd. per yard ? 

22. What would be the cost of carpeting a room 31| feet long, and 
23f feet wide, at 5^. „ Qd. a square yard ? 

23. How many cubical feet of air does a room contain which is 
19 feet „ 6 inches long, 16 feet „ 9 inches wide, and 10 feet „ 6 inches 
high ? Also, how much would it cost to paper the 4 walls with paper ^ 
of a yard wide, costing 3Jc?. a yard? 

24. What is the difference between two areas, one of which is 
15 yards square, the other 15 square yards? 

25. A school should contain, according to the Government regula- 
tions, 80 cubic feet of air for each child. If there are 150 children in a 
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school 60 feet „ 4 inches long, 18 feet „ 5 inches wide, and 10 feet „ 
6 inches high; how many would there he ahove the regulation numher? 

26. How much cloth will cover a passage whose length is 12 feet ,, 
6 inches, and hreadth 2 feet „ 9 inches ? and what will it cost at 
58, „ 6d. per yard ? 

27. A target, measuring 120 feet long hy 40 feet wide, is covered 
with iron plating, weighing 21 ton „ 18fff cwt.; if a cubic foot of iron 
weigh 490 lbs. „ 4 oz , what is the thickness of the plating ? 

28. How many square feet of paper will cover the walls of a room 
whose dimensions are 20 feet „ 10 inches by 16 feet in breadth, and 
10 feet „ 8 inches in height ? 

29. What will the painting of the walls of a room cost which is 20^ 
feet long, 18}^ broad, and 10 feet high, containing 2 windows, whose 
dimensions are 7 feet by 4 feet each ; at the rate of 2«. „ 6d, a square 
yard? 

30. Find the cost of lining a cistern with lead, whose depth, length, 
and breadth are 3 feet „ 6 inches, 7 feet „ 10 inches, and 6 feet „ 4 inches 
respectively, at 10s. „ Q^d, per square yard. 

31. What should be charged for painting the inside and outside of a 
chest 7 feet „ 4 inches long, 4 feet „ 8 inches wide, and 3 feet „ 10 inches 
deep, at 9d. the square yard ? 

32. How many tons of water are there in a cistern 18 feet „ 8 inches 
long, 18 feet „ 4 inches broad, and 6 feet „ 9 inches deep, supposing a 
cubic foot of water to weigh 1000 ounces? 

33. A cistern measured 6 feet „ 3 inches in length, 4 feet „ 2 inches 
in width, and was 5 feet deep. After being filled with water, it leaked 
till the surface of the water sunk 7 inches ; how many cubic feet and 
inches of water then remained in the cistern ? 

34. Find the cost of papering a room 21 feet long, 15 wide and 12 
high with paper 2^ feet wide at 9d. a-yard, allowing for a door 7 feet 
high and 3 wide, and 2 windows each 5 feet high and 3 wide. 

35. What will be the expense of papering a room that measures 
19 feet,, 8 inches in width, 24 feet „4 inches in length, and is l^i 
feet high, with a paper which is 2f feet wide, and costs lis. per piece of 
12 yards in the piece ; the windows and parts not requiring to be papered, 
making up a sixth part of the whole surface. 

36. The floor of a room contains 40 square yards; its height is 
5 yards, and the length is 3 yards more than the breadth; find the 
number of square yards in the 4 walls. 
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37. If afield of 10 acres be divided into allotments measuring 110 
feet by 20 feet, at what sum ought each of the allotments to be let if the 
rent be £10 per acre ? 

38. The expense of carpeting a room 20 feet long was £7 „ 10«. ; but 
if the breadth had been 3 feet less than it was, the expense would have 
been £6 ; what was the breadth of the room ? 



CHAPTER XIX. 

THE EXTRACTION OF THE SQUARE AND CUBE ROOT. 

§118. Dc/l The square of any quantity is that quantity multiplied 
by itself. 

Def. The square root of any proposed quantity is that quantity which 
when multiplied by itself will produce the proposed quantity. 

The algebraical symbol for the extraction of the square root is V» 

De/. The cube of any quantity is that quantity multiplied by itself 
twice over. 

De/. The cube root of any proposed quantity is that quantity which 
when multiplied by itself twice over will produce the proposed quantity. 

§119. The extraction of the square and cube root belongs, in reality, 
to Algebra, inasmuch as the processes adopted are founded on the 
algebraical methods. We shall therefore first exhibit each of the pro- 
cesses used in Algebra, and shall then show how the arithmetical rules 
are derived from them. 

In the case of the square root, let us first square the quantity a -f & ; by 
multiplication we obtain as its square, or second power, the quantity 
a* + 2ab f 6*. Now for the extraction of the square root, we must 
devise a method by which from a* + 2ab + h* we can educe a ^ b; for 
this latter we know is the quantity which, when multiplied by itself, 
will give the proposed quantity. The method is as follows : 

a" + 2ai + 6* (a + 6 
a" 



2a f 6) 2o* + A* 
2ab + 6» 
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Having arranged the terms according to the dimensions of some one 

letter, we see that the square root of the first term of the proposed 

quantity is a ; write down a on the right hand as the first term in the 

root, square a, and subtract its square from the proposed quantity ; then 

bring down the remainder 2ah + 6*. To find 6, the second term in the 

root, divide 2a&, the first term in this remainder, by 2a ; write &, the 

result of this division, as the second term in the root; and placing 

2a + 6 on the left of the remainder, as if it were a divisor, multiply it 

by h, and subtract the product, viz. 2ah f 6*, from the remainder. K 

there be more terms, consider a + 6 as a new value of a, and proceed 

as before. 

The method of extracting the cube root is discovered in the same 

manner : 

a» + 3a"& + 3fl6» + 6» (a + 6 
a» 



3a*) 3a*6 + 3a6« + 6« 
3a'6 + 3«6« 4 6» 



The cube root of a* + 3a*6 + 3aft* + 6* is a + 6 ; and to obtain a 4 6 
from this compound quantity, arrange the terms as before, and the cube 
root of the first term, a^ is a the first term in the root ; subtract its 
cube from the whole quantity, and divide the first term of the remainder 
by 3a*, the result is 6, the second term in the root; then subtract 
3a*6 + 3a6' + b* from the remainder, and the whole cube of a 4 6 has 
been subtracted. If any quantity be left, proceed with a 4 5 as a new 
a, and divide the last remainder by 3. (a 4 h)* for a third term in the 
root ; and thus any number of terms may be obtained. 

From these algebraical forms we can now proceed to deduce the 
arithmetical processes of extracting the square and cube root. 

But before commencing this, we must determine how many figures 
there will be in the required roots. In the case of the square root, having 
written down the whole number whose square root is required, place a 
point over every second figure beginning with the place of units ; the 
number will thus be divided into periods^ of which the one on the extreme 
left may consist (according as the proposed number contains an odd or 
even number of figures) of either one or two figures ; the others will all 
consist of two figures ; and the number of these periods will show the 
number of figures in the square root. 

In the case of the cube root, divide the number into periods by placing 
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a point orer every third figure, beginning with the units; the period 
on the extreme left may consist of one, two, or three figures j the other 
periods each of three figures ; and the number of these periods will 
show the number of figures in the cube root. 

To explain the reason of this pointing, observe that since the square 
root of 100 is 10, of 10000 is 100, of 1000000 is 1000, &c., it follows that 
the square root of a number less than 100 must consist of only one 
figure J of*a number between 100 and 10000, of two places of figures ; 
of any number between 10000 and 1000000, of three places of figures, 
&c. If then a point be placed over every second figure in any number, 
beginning with the units, the number of points so placed will show the 
number of figures in the square root. 

Again, in extracting the cube root, since the cube root of 1000 is 10, 
of 1000000 is 100, &c., therefore the cube root of a number less than 
1000 consists of one figure, of any number between 1000 and 1000000, 
of two places of figures, &c. If then a point be made over every third 
figure contained in any number, beginning with the units, the number 
of points will shew the number of places in its cube root. 

Ex. 1. Let it be required to find the square root 0^3249. 

3249 (50 + 7 
2500 



100 + 7 or 107) 749 

749 
• . * 

We find by pointing that the root consists of two figures ; if a be the 
value of the figure in the ten's place, h of that in the units, then a + 5 
will represent the root. To determine a, enquire what is the nearest 
square root of 3200, which is not larger than the true root; as this 
appears to be 50, subtract the square of 60 [i.e. a*) from the proposed 
number, bring down the remainder 749, and divide it by the double of 
50 (I.e. 2a), and the quotient 7 {i,e, h) is the second figure in the root. 
Add 7 to 100, and multiply this quantity (which is 2a + 6) by 7 ; we 
thus obtain the subtrahend 749. 

If we now omit ciphers, the process will stand as follows : 

3249 (57 
_25__ 

107) 7T9 
749 

• • • 

find the largest number whose square can be subtracted from the left- 
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hand period ; write this as the first figure in the root, subtract its square 
from the first period, and to the remainder bring down the next period. 
Double the first figure of the root, place it on the left of the remainder, 
and using it as a divisor, divide the remainder, omitting the last figure, 
by it; the quotient is the next figure in the root, which must be annexed 
to the divisor as well as to the root; by this last figure in the root 
multiply the divisor as it now stands, and the required subtrahend will 
be obtained. 

K there should be more periods to be brought down, the operation 
must be repeated ; remembering to double only the last figure in the 
divisor at each successive step. 

Ex. 2. Find the cube root of 185193. 

186193 (50 + 7 
126000 = a» 



3a' = 7500) 60193 



62500 = 3a*6 
7350 = Sab* 

343 = y 

60193 



By pointing in the manner directed, we see that the cube root 
consists of two figures; let a represent the value of the figure in the 
tens' place, and b the value of that in the units' place. 

To find a, find the largest number whose cube is contained in 186000 ; 
this is 60; subtract the cube of 60 from the proposed number, and 
we obtain a remainder 60193. Divide this remainder by 3a*, which is 
7600, and the quotient obtained is 8 ; but this upon trial being found 
too large, we conclude that 7 is the second figure of the root. As we 
have already subtracted from the proposed number a', the remainder 
60193 should be equal to 3a*b + 3a6* + i*. If then we find in succession 
the quantities represented by 3o*6, Sab*, and &*, and add these together, 
and subtract the sum from the remainder 60193, we shall have taken 
the whole cube of a + 6 from the original quantity. 

In practice the ciphers may be omitted; and if there should be 
more periods to be brought down, the operation must be repeated. 

It will often happen that by dividing the first remainder by 3a', 
a value is obtained for b which is too large, and a less number must 
be tried ; but as the greater a is with respect to bl the more nearly will 
the correct value be obtained by the division, this error is not so likely 
to occur in dividing the second or any subsequent remainders. 
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Ex. 3. Extract tike sqimre root o/*l 67281. 

In extracting the square root of a decimal, care must be taken in 
pointing to place the first point over the place of hundredths, never 
over the place of tenths ; to make up a full period at the end, a cipher 
can always be added if necessary to the right-hand. If the proposed 
quantity consist of a whole number and decimals, the first point being 
placed over the place of units, and the whole number being pointed in 
the ordinary way, then omitting the place of tenths, the point will fall 
over the place of hundredths. 

•16728i (-409 
^6 

809) 7281 
7281 



Since the number of periods shows the number of figures in the root, 
as many decimal periods as there may be in the proposed quantity, so 
many decimal places will there be in the root. 

Ex. 4. Extract the square root of Z to six places of decimals. 

When by the ordinary process one more than half the number of 

digits in the root have been obtained, the remainder of the digits in the 

root may be obtained by division. 



3-000000 (1- 


732 


1 




27) 2 00 




189 




343) 1100 
1029 




3462) 7100 
6924 




3462) 176000 
17310 


(050 



2900 

therefore 1*732050, &c. is the approximate root of 3. 

We see from this, that when an integer has no integer square root, 
it has no square root at all in finite terms. Thus 3 has no exact square 
root; but since 1*7320508 multiplied by itself gives very nearly 3, it is 
commonly said that 1*7320508 is very nearly the square root of 3; 
more properly perhaps, the square root of something very near 3. 
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17 « x, ^ ^ar / -rl69 _ ^21699 

Ex. 5. Extract the square root of —^ and of ^ . 

The square root of a Tulgar fraction may be obtained by extracting 
the square root of the numerator and denominator ; thus ' 

//169\ ^ 'v^(169) _ 13 
VU29/*" V(529)~ 23' 
or if either the numerator or denominator have no exact square root, 
the Tulgar fraction may first be converted into a decimal, and its 

21699 
approximate root may then be extracted : thus «= '867647, &c. 

•867647, &c. (-931, &c. 
81 



183) 676 
549 



1861} 2547 
1861 

686 

To find the exact value of this remainder, (which is by no means to 

be looked on as a whole number), we may exhibit the process with the 

decimal point retained throughout the whole operation ; thus 

•867647, &c. (-931, &c. 
•81 

1-83) -0576 
•0549 



1-861) -002647 
•001861 

•000686 
Ex. 6. Extract the cube root of 20-570824. 

20-570824 (2-74 
8 



3a«=1200) 12570 



84U0 e 3a«6 

2940 cr Sa^* 

^43 = 6' 

11683 



3a« = 218700) 887824 



874800 = 3o»6 
12960 = 3a6' 
64_«6» 

887824 
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Ex.7. JExtract the fourth root of '0000065536. 

The fourth root is the square root of the square root ; hence 



• a • • • 



•0000065536 (00256 
4 

45) 255 
225 



506) 3036 
3036 



• • • • 



•00256000 (-05059, &c. 
25 

1005) 6000 
5025 



10109) 97500 
90981 

6519 
therefore *05059, &c. is the approximate fourth root. 

EXEBCISE 23. 

1. Extract the square root of the following : 

(1) 841. (2) 1521. (3) 8649. 

(4) 11664. (5) 60516. (6) 142884. 

(7) 540225. (8) 667489. 

2. Extract the square root of 

(1) 32-49. (2) 1-4161. (3) 12-8164. 

(4) 3782;25. (5) -00749956. (6) -0000974169. 

3. Extract the square root of (giying in each case the true value of 
the remainder) 

(1) 2 to six places of decimals. 

(2) 7 to seyen places of decimals. 

(3) 10 to five places of decimals. 

(4) 77 to six places of decimals. 

(5) 126 to four places of decimals. 

(6) 881 to fiye places of decimals. 

4. Extract the square root of 

(1) 10-3041. (2) 29-506624. (3) 1730-56. 

(4) 290-225296. (5) -0004. (6) -00001024. 



1 
I 

J 
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6. Extract the square root of 6, % *05, and *005 each to 5 places of 
decimals. 

6. Extract the square root of }iif [ and of f to three places of 
decimals. 

7. Extract the square root of '16, *016, and *4, each to three places 
of decimals. 

8. Extract the square root of ^^h%^^; and of 6| to 3 places of 
decimals. 

9. What are the quantities of which *001 and *073 are the square roots ? 

10. Extract to three places of decimals the square roots of *9, of 

•84, and of •] 23. 

11. Extract the cube root of 

(1) 21952: (2) 185193. (3) 970299. 

(4) 1367631. (5) 12812904. (6) 28934443. 

12. Extract the cube root of 

(1) -193823. (2) 867-375. (3) 245-314376. 

(4) -065939264. (6) -023639903. (6) -000030664297. 

13. Extract the cube root of 

(1) 2 to three places of decimals. 

(2) 7 to two places of decimals. 

(3) 28 to three places of decimals. 

(4) *8 to two places of decimals. 

(5) *065 to five places of decimals. 

(6) *05 to three places of decimals. 

14. Extract the fourth root of 

(1) 923521. (2) 614656. (3) 1679616. 

15. Determine the side of a square whose area is equal to a rectangle, 
which is 81 feet long and 5 feet Of inches wide. 

16. The area of a square field is 10 acres; what will it cost to build 
a wall round it at 4«. „ 9d. per square yard of walling, if the wall be 
2 yards high? 

17. The length of a metre is 39*37 inches; find the number of solid 
inches in a cube whose side is a metre ; and find the length of the side 
of a cube which contains 8060150125 solid inches. 

18. A body of men in column form 324 ranks 9 abreast; if they were 
drawn up in a solid square, how many would there be in each face ? ' 

19. If a cubic foot of water weigh 1000 ounces, find the length of the 
side of a cube of water, which weighs 1 ton „ 6 lbs. „ 1 oz. 
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20. How long will it take to walk along the four sides of a square 
field which contains 16 acres „ 401 square yards, at 3 miles per hour? 

21. A certain number of persons agree to subscribe as many guineas 
each as there are subscribers ; the whole subscription being £1047901 „ Is., 
how many subscribers were there P 

22. Find the number of which *0101 is the square root ; and find 
the number which when squared giyes *010164. 

23. The length of a room is twice its breadth, and its area contains 
1 152 square feet ; what is the length of the room P 

24. Find the hypoteneuse of a rightrangled triangle, whose sides 
are 35 inches and 42} inches. 

25. Keduce to decimals -^ r. , and find which is the greater 

V2 or V 3. 

26. Find the edge of a cube which contains 37 cubic feet „ 64 cubic 
inches. 

27. There are 640 acres in a square mile : how many feet must there 
be in the side of a square field which contains 3| acres P 

28. The edges of a rectangular chest which contains 64 cubic feet are 
in the proportion of 1, 2, 4 ; what are the actual lengths of the edges P 

29. A certain cubical tank ib found to hold the same quantity of 
water as a tank, the length, breadth, and depth of which are respectiyely 
11 feet, 12 feet, and 10 feet „ 1 inch. What is the length of an edge of 
the cubical tank P 

• 30. A piece of cloth is 5 times as long as broad, and costs £19 ; 
supposing the price to be 4«. „ 9d, a square yard; find the dimensions of 
the piece. 



EXAMINATION PAPERS. 



OXFORD RESPONSIONS. 
Michaelmas Term, 1862. 

1. Find the Yalue of „? ^[ \ multiplied by A of 6. 

2. Define G.c.iff. and L.C.M. Heduce ^V^i to its lowest terms; 
and find the L.C.M. of 4, 9, 16, 28, 42. 

3. Heduce 6a, ,t ^d. to the decimal of f of a guinea ; and f of a rood 
to the fraction of ^ of an acre. 

4. Multiply -111 by -Oil. 

Diyide 8-4 by •? and by '0007; and '3 by •03. 
6. Subtract -625 ofa crown from £1*375. 

6. Reduce to decimals ^^ of }> and 8f ; and to fractions 1*75, and *305. 

7. If a mina = £4 „ Is. „ Zd,, reduce to minse £568 „ 15«. 

8. How many yards of carpet \ yard wide will coyer a floor 12 yards 
long by 6 yards „ 1 foot „ 6 inches broad ? 

9. If 9 men reap a field of 8 acres in 12 hours, how many men will 
reap a field of 28 acres in 18 hours ? 

10. Find the simple interest of £442 at 4 per cent, for 5 years ; and 
the compound interest of £500 at 3 per cent, for 2 years. 

11. If a man spends as much in 4 months as he gains in 3, how 
much will he lay by in a year from an income of £150 P 

12. Find the income produced by £26260, if invested in the Z\ 
per cents, at 91. 

13. Divide £154 between 4 persons, in the proportion of \, f , }, \. 






i 
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Triniti/ Term, 1865. 

1. Find the g.c.m. of 48849 and d9133, and the L.C.M. of 3.5.7.9, 
15, 63. 

2. Divide 1 - (i + J + A) l>y 1 - (J of } of i^) ; and find the yalue 

of •^'' 



3. Reduce 1 lb. Troy to the fraction of 1 lb. Avoirdupois. 

How many minutes are there in f% of a year + a\, of a week + f-^ of 
an hour ? 

4. Multiply '000725 by 31*25, and divide the product successively 
by 6-25, 625, and -0625. 

5. Reduce to vulgar fractions •0015625, -05, '0318. 

6. Find the value of 3*15625 of a £,'and bring 3 lbs. „ 8oz. to the 
decimal of a cwt. 

7. Find the square root of 106929 and 4-1209. 

8. At the census of 1851 the population of Oxford was 27,843 : at 
the census of 1861 the population was 27,560. What was the decrease 
per cent. ? 

(N.B. The answer need not be carried beyond 3 places of decimals). 

9. A can walk 5 miles while B is walking 4. Supposing A to walk 
6 hours a day, and B 7 hours a day, how many days will B take in 
walking a distance, which A can accomplish in 14 days ? 

10. Find the simple interest on £354 „ 3«. „ 4 J. for 3^ years at 
2} per cent. ; and the compound interest on £266 „ 13^. „ 4 J. for 
2 years at 3 per cent. 

11. A quadrangle is 50 feet long by 40 feet broad: it is crossed in 
each direction by a path 10 feet broad, and the remainder has to be 
turfed. How many strips of turf 1| feet long and 6 inches broad will 
be required for the purpose ? 



Michaelmas Term, 1865. 

1. Find the value of ^-^ ^ ^ and of J + J - A + A. 

la + t ^a 

2. £4500 is divided between A, B, C, D, A receives i; B, Ceach 
f of the remainder. How much is left for D ? 

3. Reduce lib. „ 12 oz. (avoirdupois weight) to the fraction of 
1 cwt. „ 2 qrs. ; and /^ of 6«. „ M, to the fraction of a guinea. 
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4. Express as vulgar fractions -001375, '03, 7*193i8, and divide 
•176 by -25, by 2-5, and by -0025. 

6. Find the value of -3 of a guinea + *125 of a pound -f '2083 of a 
shilling + *5 of a penny, and bring 10 weeks „ 3 days to the decimal of 
a year. 

6. Find the square root of 175*5625, and of 4080400. ' 

7. A can walk 10 miles in 2^ hours, B can walk 11 miles in 2| hours. 
They start to walk a match from London to Oxford, a distance of 55 miles : 
which will arriye first, and by what amount of time will he win ? 

8. The profit made by selling beer at \d, per pint above cost price 
is 50 per cent. : what is the gain per cent, made by selling it at Qd, 
a gallon above cost price ? 

9. Find the simple interest on £608 „ 6«. „ 8J. for 3 years at 4} per 
cent.; and the compound interest on £66 „ 13«. ,»4</. for 2 years at 
9 per cent. 

10. What will be the cost of papering a room 20 feet long, 12 feet 
broad, 10 feet high, with paper 2f feet broad, at \\d, per yard, an 
extra \d. per yard being charged for hanging? 

11. A sovereign weighs ^% of an oz. Troy: how many sovereigns 
may be coined out of a piece of metal weighing 1 lb. Troy ? This metal 
being composed of | J pure gold and ^^ alloy, what is the value (ex- 
pressed in money) of an oz. of pure gold ? 



CIVIL SERVICE COMMISSION. 

1. If by selling wine at lbs, a gallon I lose 10 per cent, at what 
price must I sell it to gain 15 per cent. ? 

2. Find the cube root of 134217728. 

3. Multiply -0021 by 48-026. 

4. The content of a cistern is the sum of two cubes whose edges are 
10 inches and 2 Inches, and the area of its base is the difference of two 
squares whose sides are If and If feet. Find its depth. 

5. If a man rows 10 miles in 2 hours and a half against a stream, the 
rate of which is 3 miles an hour, how long would he be in rowing 
5 miles with the stream P 

6. What must be the rate of interest in order that the discount on 
£1936 „ 18«. payable at the end of 3 years may be £207 „ 10», „ 6<i. 
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7. If 48 pioneers, in 5 days of 12J hours long, can dig a trench 
ISQ'l^ yards long, 4| yards wide, and 2 J yards deep ; how many hours 
per day must 90 pioneers work during 42 days in order to dig a trench 
491 Oi\ yards long, 4| yards wide, and 3 J yards deep? 



B. CfivH Service Commisnon, 

1. If a steamer makes the passage from New York to Liverpool (say 
2,760 miles) in 9 days „ 14 hours, and a train goes from London to 
Edinburgh (say 40d miles) in 18 hours: compare the rates of the 
steamer and the train. 

2. Fmd the square root exactly of 2515fff. 

3. Extract the cube root of 5*78 to three places of decimals. 

4. Multiply by the method of duodecimals 3ft. „ lin. „ llpts. by 
2 ft. „ 6 in. „ 7 pts., and the product by 1 ft. „ 7 in. 

6, Express the result of the last question in cubic feet, cubic inches, 
and a fraction of a cubic inch. 

6. Divide 4-03 by -1407. 

7. Find the average of 21f , 73J, 0, 8-065, 82, Ha^, 5i, 9^ ; express 
the fractional part decimally; 

8. A person sells as many 3 per cent consols at 98 1 as produce 
£2000, and invests this sum in railway stock, paying 4} per cent., 
at 93f . How is his income affected P 

9. A person buys coffee at £5.„ 128. „ 6d. per cwt. and chicory at 
£2 „ 58. „ 5d, per cwt., and mixes them in the proportion of two of chicory 
to five of coffee. He retails the mixture at Is, „ Zd, per lb. What is 
his gain per cent. ? 

10. Find the true discount on £512 „ 158. „ Sd. due 52 days hence 
at 2 J J. per cent, a day. 

11. If 5 men can perfbrm a piece of work in 12 days of 10 hours 
each, how many men will perform a piece of work four times as large 
in a fifth part of the time, if they work the same number of hours 
in the day, supposing that 2 of the second set can do as much work 
in an hour as 3 of the first set P 

12. A canal 10 miles long is 8 yards wide at the top, 6 yards wide 
at the bottom, and 5 feet deep. How soon would the excavation of 
it be completed by 800 men, each removing on an average 15 cubic 
yards per day P . 

13. The rate of a clock is '0375 per cent too fast. How much will 
the clock gain in a week P 

HH 
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14* A Teasel whose speed was 9} mfles per hour started at 8 o'clock 
to go a distance of 74 miles. A second vessel, whose speed was to 
that of the first as 8 to 5, starting from the same place, arrived 5 minutes 
before the first Whendid the second vessel start? 

15. At a siege it was found that a certain length of trench could 
be dug by the soldiers, and navvies in 4 days, but that when only half 
the navvies were present it required 7 days to dig the same length of 
trench. What proportion of the work was done by the soldiers? 



C, CivU Service (hmmissian, 
(Averages and Per-centages). 

1. Find the average of ISff, 21, 7|, *0023, 3}, 0, 106|, and 67/o; 
express the fractional part decimally. 

2. If by selling wine at 15«. a gallon I lose 6 per cent, at what 
price must I sell it to gain 17 J per cent? 

3. Of 32 selected candidates for the East Indian Civil Service in 
1859, 3 were aboTC 20 years of age when they went to India, 4 above 
21, 12 above 22 and 23 respectively, and 1 above 24. From these data 
find what is the average age at which the men went to India. 

4. A merchant has teas worth 4«. „ 3d, and 3«. „ 6d, per lb. re- 
spectively, which he mixes in the proportion of 3 lbs. of the former 
to 2 of the latter, and sells the mixture at 4«. „ id, per lb. ; what does 
he gain or lose per cent ? 

5. Between the years 1841 and 1851 the population of England 
increased 14*2 per cent. In the latter year it was 21, 121, 290. What 
was it in the former year? 

6. A person invests £5,460 in the 3 per cents, at 91, he sells out 
£2000 stock when they have risen to 93|, and the remainder when 
they have fallen to 85; he then invests the produce in 4} per cents, 
at 102. What is the difference in his Income ? 

7. What must be the market value of 6 per cent stock, in order 
that, after deducting the income tax of lOd, in the pound, it may 
yield 6| per cent, interest? 

8. If the Roman Catholics are 3 to 1 of the population of Ireland, 
and the Protestant Dissenters bear the proportion of 2 to 3 to the 
members of the Established Church, find the proportion per cent, which 
the Protestant Dissenters bear to the Roman Catholics. 
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2). Civil Service (hmmiseion. 
(Purchase of Stock, and Exchange.) 

1. When a 3} per cent, stock is at 93, find what price a 4| per 
cent, stock must bear that an inyestment may be made with equal 
advantage in either stock. 

2. A person sells Midland stock paying 6^^ per cent at 128|, and 
invests in Qreat Western stock paying 3 per cent, at 72^. By how 
much per cent, will the interest of his investment be altered? 

3. A person invests £5,000 in the new 6 per cent. Turkish Loan 
issued at 68 per cent, at 2^ premium : how, much stock will he have, 
and what rate of interest will the investment give ? 

4. What must be the market value of 3 per cent, stock, in order 
that, after deducting an income-tax of lOd. in the pound, it may yield 
3^ per cent, interest ? 

5. What is meant by the par of exchange between two countries P 
When is the exchange said to be against a country ? Explain briefly 
why the course of exchange between two countries varies. 

6. If £3 = 20 Thalers; 2d Thalers » 93 Francs; 27 Francs - 5 Scudi; 
and 62 Scudi =135 Gulden ; how many Gulden » £1 ? 

7. A trader in London owes a debt of 1,000 pistoles to one in Cadiz ; 
find what he gains by sending it to him through France, the exchanges 
being £1 = 25*4 Francs; 19 Francs s 1 Spanish Pistole; 4 Spanish Pis- 
toles = £3. 

8. A person in London owes another in St. Petersburg 920 roubles, 
which must be remitted through Paris. He pays the requisite sum 
to his broker, at a time when the exchange between London and Paris 
is 25*15 francs for £1, and between Paris and St. Petersburg 1*2 francs 
for 1 rouble. The remittance is delayed until the rates are 25*35 francs 
for £1 and 1*15 francs for 1 rouble. What does the broker gain or 
lose by the delay ? 

^. Examination for Direct CommienonSf 1865. 

1. How many times is £1 „ lis. „ 2(2. contained in £162 „ 1«. „ 4J.P 

2. A man steps 2 feet „ 3 inches, how many steps does he take in 
walking 6 miles ? 

3. If 180 men can make a road in 15 days, in what time would 
270 men make a road twice as long as the first ? 

4. If 7 fires burning 10 hours a-day consume 4 tons „ 10 cwt. of coal 
in 30 days, huw much coal will be consumed by 20 fires in 12 days 
burning for 14 hours a-day P 
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5. Find the simple interest on £5656 „ 58. for 6 years at 4^ per 
cent, per annum. 

6. Add together { of 3}, i of 1^, and HJ ; divide the result 
obtained by A of ^. 

7. It being given that 5} yards, linear measure, make one pole or 
perch, find the number of square yards in an acre. 

A field is 55 yards long by 40 yards wide: express the area of 
the field as the fraction of an acre. 

8. Multiply 21-66 by -0035. ^ Divide -25 by 31-25. Verify the last 
result by vulgar fractions. 

9. Find the value of '-125 of £88 „ 16«.; and the value of -3 of 
5 guineas. 

10. Determine by how much the square of 1*732 differs from 3} 
find the square root of 71 to three decimal places. 



jP. Examination for Direct Commissions^ 1865. 

1. How many times is £17 „ 14«. „ 6d. contained in £655 „ 13s. „ Bd. ? 

2. Find the price of a mixture of 1 cwt. of black tea at 3s. „ 2dk 
a pound, with 20 pounds of green tea at 5s, „ 3 J. a pound. 

3. If 20 lamp-posts are required to light a road 1600 yards long, 
how many will be required for a road 4 miles long ? 

4. Find the cost of carpeting a room 34 ft „ 6 in. long, by 
18 ft. „ 4 in. wide, at 3s. „ 9<f. a square yard. 

5. Find the simple interest on £9062 „ 10s. for 6 years at 3f 
per cent, per annum. 

6. Subtract 2U from 3}; and divide fff by i^y, expressing the 
result in its lowest terms. 

7. Multiply 24-35 by -074; and divide 1-8019 by 243-5. 

8. What fraction of £1 „ 2s. „ Qd. is f of 2s. „ 6J.P Find the 
value of -075 of £3 „ 6s. 

9. Find (03)', and extract the square root of 484-176016. 



6r. Examination for Direct Commissions, 1865. 

1. Find the number of inches in two hundred thousand yards, 
and write the answer in words. 

2. If 53 articles cost £10 „ 7s. „ 7 J., what is the price of each? 

3. Find the value of 17 quarters „ 3 bushels „ 1 gallon of com at 
Is. „ 4J. the peck. 
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■ 

4. In a piece of plate weighing 3 lbs. „ 9oz8. „ Tgrs. there is alloy 
weighing 10o«s. „ 8 dwts. „ 19 grs. What is the weight of the pure 
silyer P 

5. If the carriage of 8cwt. for 128 miles be 24«., what weight can 
be carried 32 miles at the same rate for 18«. ? 

6. Reduce f^i to a decimal. 

7. Find the yalue of -3625 of £4. 

8. Express 1 acre „ 3 roods „ 26 poles as the decimal of a square mile. 

9. Find the simple interest on £830 for 15 months at 3^ per cent, 
per annum. 

10. Extract the square root of 9042049. 

JJ. Admission to the Staff College, 1863. 

1. Multiply £112 ,, 58. ,, Sd. by 123. 

2. A bale of cotton weighs 3cwt ,, 2qrs. „ 15 lbs.; 25 such bales 
were bought at 9 J J. per pound and sold at Is. „ O^d, per pound : find 
the profit on the transaction. 

3. A tower 103 feet high cast a shadow, the length of which was 
79 feet ,, 3 inches ; find the length of the shadow cast at the same 
time by a tower whose height was 68 feet „ 8 inches. 

4. In English gunpowder, 75 parts by weight are saltpetre, 10 parts 
sulphur, and 15 parts charcoal. How many pounds weight of each 
ingredient are used in the manufacture of 16 cwt. of gunpowder? 

5. The simple interest on £19687,, 108. for five years is £541i„ls.„Zd,i 
find the rate per cent. 

6. (A) has £10,000 stock in*the 3 per cents; he sells out all his 
stock at 922 ; he then invests the purchase-money in railway shares 
of £20 each which pay 6 per cent per annum, (A) paying £25 for 
each £20 share : find the change in his income. 

7. Explain why dividing the numerator and denominator of a 
vulgar fraction by a whole number does not alter the numerical value 
of the fraction. 

Keduce the fraction i^^i to its lowest terms. 

8. Reduce to its simplest form 

* 85 



Whdt fraction of 2s. „ 6d. is A of 7 Jrf. ? 
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9. Express f} ^ <^ decimal fraction ; point out how the denominator 
of this fraction indicates the number of decimal places in the result. 

Find the value of '142857'; and multiply '142857 by *63, expressing 
the product as a circulating decimal. 

10. Divide (-001)' by (•0002)». Extract the square root of 
257050*014001. Extract the square root of 5| to four decimal places ; 
and write down the true value of the remainder when the four places 
have been obtained in the root. 



J. CAMBRroGE LOCAL EXAMINATIONS. 

1. Express in words and in figures, how much greater the value 
of one 5 is than the other, in the number 658457. 

2. Multiply 129847 by 468. If in the process you shift all the 
figures resulting from the multiplication of the multiplicand by 4, two 
places farther to the left and then add, of what two numbers will the 
result be the product P 

3. Divide 19094867 by 4009: hence write down at sight the 
quotients of 3058867 and 252567 when divided by 4009. 

4. Give the rules for addition and subtraction of fractions. 
Add together 10, 7$, fy, 4f, and 3| of J. 

5. Compare the values of the fractions 

11 X 4 12x3 10x5 11^-4 

5x9' 4x10' 6x8' 5 + 9* 

6. Beduce 3 ac. „ 1 ro. „ 20 po. to the fraction of 21 acres. 

7. Multiply 35-85 by 2-09 and 3-535 by -00209. 

8. Divide -005868 by *036, and arrange the divisor, dividend, and 
quotient in order of magnitude. 

9. Beduce {% to a decimal. What is the equivalent decimal fraction ? 
What is done to f $ to bring it into this form P 

10. Beduce |f ths of £20 to the decimal of £100 P 

11. Express the difiference between 2-535 and 2*535 (1) by a cir- 
culating decimal and (2) by its equivalent vulgar fraction. 

12. If the area of a square field contain 824464 sq. yds., find the 
length of its side. 

13. Define discount, and find the discount on a biU of £10 due 
at the end of a year at 10 per cent. 

14. What sum of money is necessary to pay i per cent, commission, 
and to purchase £5000 stock in the Funds when they are 92 j P 
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CAMBKIBGE PREVIOUS EXAMINATION. 
jFVr8^ Division A, 1856. 

1. Explain hy what method we are ahh with only the nine digits 
and a cypher (6y our decimal system) to express any number however 
large. Cf. § 11. 

Multiply 2357 hy 5, explaining clearly each step of the process and 
its reason, Cf. § 24 (a). 

Define multiplication^ Cf. § 22. 

2. (a) The income-tax o/£l is Is. „ 4i. ; wTuU is it on £100 „ 17«. „ 6d,f 
()3) A bankrupt pays lis, „ 6d. in the pound; how much does he 

pay on £2Q1 „ 6«. ,, 8<^. f 

N.B. (a) and {p) are to be done by "Practice" To what class of 
examples is the rule applicable f 

(a) At 20«. in the pound the tax would have been £100 „ 178. „ 6i. 

£. «. d. 

100,, 17 „ 6 



Is. 
4J. 



1 

80 

1 

8 



5 „ „ 10| :=: tax at Is. in the pound 



1,,13„ 7i = 



4J. 



6„ 14 „ 6 = 1«. „4rf. 

iP) If the bankrupt had been able to pay 208. in the pound, he 
would have paid £267 „ 68. „ Bd, 

t. d. 

y 6 „ 8 



108. 



58. 

28. „ Qd. 



1 

s 



1 
a 

J. 

s 



267 



133 „ 13 „ 4 = payment at 108. in the pound 

66„16„8 = 58 

33 „ 8 „ 4 = 28. „ 6d. 



233 „ 18 „ 4 = 178. „ 6d, 

3i - 2^ 
3. Beduce ^ ' ^ 4- 15| to its most simple form. 





4 


of (J 


+ i)- 




1 


_ 14 

6 


. 140 




X 

4 


^ 8ff 


• 9 




6 6 

a. 

86 


9 
^140 


B 


8 
6 


35 


9 

""ho 




4 


X 7 X 


3 



3x28 



= 1. 



A 
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4. The distance from Yarmouth to Norwich is 20^ mike, and from 
Cambridge to London 57§ ; and the third clasB fares are 1«. „ Zd. and 8«. 
respectively: how much would have to he deducted from the present 
third class fare per mile between Cambridge and London, so that it 
might be Just double the third class fare per mile between Yarmouth 

and Norwich f 

41 
Between Yarmouth and Norwich fare for — miles is 15(7., 

2 

1 mile is 15J. x -^ • 

41 

115 
Between Cambridge and London fare for -^ miles is 96</., 



1 mile is 96 X — - , 

115 



^ ^'"- = ItTf. ItT^ of a penny. 



Now the dofAle of — — — is-rr • 

41 41 

96 X 2 
The question therefore is, " what must be subtracted from , in 

115 
60 
order that the remainder may be equal to — ?" 

Therefore t-tz - -^nS' = -; , 

115 41 

192 60 ^ 

78 72 - 6900 972 
4715 ' 4715 

6. MuUiply £1875 „ 13«. „ 8f J. by 21. Divide £2 „ 12». „ Zd. by 
U. „ 4ld. Beduee \ of £1 to the fraction of 19«. „ Qd, Find a sum 
of money which shaU be the same fraction of £61 „ 9». „ W., that 
2 cwt „ 2 qrs. „ 10 lbs. is ofZ6 cwt „ 1 qr. 

Prove the rule for the division of two fractions, taking i^^ as an 
example. 

£. «. d. 
1875 „ 13 „ 8} 

7__ 

13129 „ 16 „ U 
8^ 

39389,, 8 ,,3} 

£2 „ 12«. „ Zd. - 52«. „ Zd. « 627c/., 

1«. „4Jrf. = 16J<i:; 



EXAlilNATION PAPEBS. 241 

therefore 627 f 16J = 627 x ~ » 209 x ^ 

-19x2 
B 38 titnee. 

Third, i of 20.. - 195*. = T '^ ^ = ^ ^'»- 

qrs. qn. 

Fourth, 2 cwt. „ 2 qrs. „ 10 lbs. - lOJf = 10 A, 

qn. qrs. 

36 cwt „ 1 qr. = 36i x 4 = 145; 

therefore rr- -r 145 = r- . 

14 14 

Now to find the sum of money which is ]\ of £61 „ 9«. „ Id* 

£. f. d, £, t, d, 
14) 61 „ 9 „ 1 (4 „ 7 „ 9J 
66 

5 

20 



109 
98 

11 
12 

133 
126 

7 
_4 

28 
28 

• . 

fifth, for the division of Fractions, Cf. § 59. 

6. TFhen are four quantities said to he in proportion f and skew 
hy means of your definition^ that 

6 yds. I, 3 qrs, : 13 yds, „ 2 qrs, :: 5«. ,, 3d, : £2 „ 17«. „ 2d, 

And deduce the method of solving the following question,' ** If 
6 yds, „ 3 qrs, cost 5s, ,, 3d,f what will 73 yds, „ 2 qrs. cost f" 

Four quantities are proportionals when the ratio which the first bears 
to the second is equal to the ratio which the third bears to the fourth : 
in other words, when the first is the same number of times greater or 

II 
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smaller than the second, that the third is greater or smaller than 
the fourth. 

6 yds. „ 3 qrs. s 27 qrs., and 73 yds. „ 2 qrs. = 294 qrs. 

58, „ Zd. B 63 pence, and 57«. ,, 2d, = 686 pence, 

27) 294 (lOf 63) 686 (lOf 
27 63 

24 56 

Here, by division, we find that 27 qrs. is 10| times as small as 294 qrs. ; 
and that 63 pence is lOf times as small as 686 pence : that is, that the 
first of these quantities is the same number of times smaller than the 
second, that the third is smaller than the fourth. 

Hence we conclude, that the 4 quantities are in proportion. 

Now to solve the given question, we observe that the cost of the 

cloth will always increase or decrease according as the lengUi increases 

or decreases, and if of the two lengths, one be double or half the other, 

the price of the former will be double or half that of the latter ; therefore 

the 2 lengths and the 2 costs will form a proportion : and we should arrange 

the three known and the one unknown quantity as a proportion, thus 

yds. yds. «. s. 

6f : 73J : : 5i : Ans,, 

then, since by a fundamental principle in proportion, the first and last 

terms multiplied together are equal to the two middle terms multiplied 

together, by thus multiplying together extremes and means, we obtain 

the following equality : 

27 147 21 

''*'^T""2"^T' 
therefore 



Ans, 


147 
2 


21 


4 
"27 






147 


x7 


49 x 


7 




2x 


9 "■ 


2x 


3 




343 









6 

= 67i«. 

= £2 „ 17«. „ 2d. 

7. Reduce 12«. „ 6Jc?. to the decimal of £1; of £1000; and of 
£•000001. 
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Mnd the value of '790625 of £1. 

First, ^1 3- 

12 
20 



6-75 



12-5625 



•628125 decimal of £1. 

The division of this by 1000, is effected by shifting the decimal point 
3 places to the fe/U hand. Therefore the decimal of £1000 is -000628125. 
On the contrary, the decimal of £-000001 is obtained by shifting the 
decimal point six places to the right hand, and is £628125. 

Second, -790625 

20 

15-812500 
12 

9-7500 
4 

3-00 
therefore the value required is 158. „ 9id. 

8. Divide 1255 by l.QO^; 12-55 6y 1004; -012550 6y 1004000. 

i^iooo» "io ' 125' 8' " 
to decimals, and then add them together. 

Reduce f of'Z15 and -04583 to vulgar fractions in their lowest terms. 

1-004) 1255-000 (1250 Ans. 
1004 

2510 
2008 



5020 
5020 





1004) 12-5500 (-0125 Ans. 

1004000) -0125500000 (.0000000125 Ans. 

rru 1 ii. .. 17013 123 32 626 , « , 

The vulgar fractions are -—-— , ---, -r^^r::, , and 3A: 

® 1000' 10' 1000' 1000' *"'*''i«» 

therefore 17-013 + 12-3 + -032 + -625 + 3-3125 = 33-2825, 

375 75 3 



Again, -375 = 



1000 200 8 ' 
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therefore ;; of s = ts '^^' 

7 8 oo 

Alflo if X » -0458 3 

lOOOOx^ 458-3 
lOOOOOx* 4683-3 

QOOOOx « 4125 

4125 165 33 11 



Ans. 



90000 3600 720 240 

9. Shew that the fraction ^ is not altered in value by multiplying 3 
into the numerator and denominator. How is it that in a decimal 
/^action we do not alter its value by bringing down to the right hand 
of the last ^figure any number of cyphers t (Cf. § 48 and § 66). 

10. What sum must A bequeath to B so that B may receive £1000 
after a legacy duty of 10 per cent, has been deducted? 

By paying a duty of 10 per cent, B pays in duty ^q of the legacy 
bequeathed to him, and has only ^^ left. 

But A 0^ legacy = 1000 5 

therefore legacy = 1000 x y 

^ lllli 

= £1111 „ 2s. „ 2}rf. 

11. Find the simple and compound interest of £625 in 2 years at 
4 per cent. 

To multiply by 4 and divide by 100 is to multiply by /^« ; 

8^^x625 = 25; 

therefore in two years simple interest is £50, 

625 
25 

8^5 X 650 = 26 

therefore in two years compound interest = 25 + 26 s ^51. 

12. In what time wiU £2500 double itself at 4 per cent, simple 
interest t 

The number of years in which any sum of money will double itself at 
simple interest is found by dividing 100 by the rate ; therefore 

^^ OK J 

— -- ■= 25 years Ans,f 
4 

^plained Chap, xill., § 96, Ex. 11. 
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In the particular instance given in the question we might have said 

2500 
4 



100,00 

therefore £100 is one year's interest on the given principal; but the 
whole interest to be gained is £2500 ; therefore 

— — = 25 years, Ans, 
100 ^ 

13. What must he the rate of interest in order that the discount on 
£2573 payable at the end of 1 year „ 73 days may he £93 ? 

By definition, § 90, discount is the simple interest on the present worth. 

Now present worth = debt - discount = 2573 - 93 = 2480 ; 

therefore £93, which is discount on the debt, is the simple interest on 
£2480 for l^^A years, or for IJ years. 

Hence 100 x 1 : 2480 x - : : Ans. : 93, 

5 

Ans. X 2480 x - = 100 x 93, 
5 

Ans. o 100 X 93 X --— - x - 

2480 6 

_ 10 X 31 X 5 
248 X 2 

5x5 

8 

B 3 J rate of interest. 

14. Shew that the interest obtained by investing a sum of money in 
the 3 per cents, at 82| is to the interest obtained by investing the same 
sum in the Z^ per cents, at 93 a« 34 : 35. 

By " the interest obtained" is meant the trtte rate of interest per cent, 
which is obtained ; and this is found as follows : 

82 J : 100 :: 3 : Ans., 

-— - X Ans. = 100 X 3, 

2 
Ans. = 100 X 3 X r^ 

loo 

40 



Ml 



m 


:1«::%:.1m. 


-;r' X .^flk * lOD X — 

Z 2 




^— 100 X 7 
'^^ 187 


11 1«7' 


700 

"l87- 


40 7<» 
11 '187 


40x187 700x11 
"11x187*11x187 




:: 4x187 : 70x11 




:: 2x17 : 35 




:: 34 : 35. 



15# A gave 25#. far two iiekeU {a fint mtd $teomd ebcf) Jrcm 
Norwich to CokhstUr; what did they eott him ttparatdy^ if a JSrtt 
cla»$ ticket /ram Norwich to Dice eott St. „ 6d^ and a mamd cUue cost 
2$0 ff 9d» f Of couree the faree throughout the line are euppoeed to he 
akifaye proportional to the dietanee. 

T^e 26$» miift be dirided into 2 parts, in the ratio of the sums paid 
for the firit and lecond clais tickete to Diss ; i,e, into 2 parts in ratio of 

3} : 2f . 

Now 3J + 25-i6J; 

gi 7 4 

therefore t| of 25 b-x — of 25 

6} 2 25 

-7x2 

a 14s., the first class fare, 
and 25 - 14 ■ 9s., the second class fare. 

10. 4/* tn e«tr acting the square root of 0*2 you had by tnistahe 
** pointed** tkui, 0*20000, ^o,, and then proceeded with the operation^ 
and that qfter marking off the decimal places in your result you had 
dieoovered your mistake^ what qtumtity wotdd you have to muU^ly the 
erroneoue result hy, in order to correct it, without extracting the root 
f^ 0*2 again f Find thejirsi three plaoee of decimals in this mult^Her. 
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The figures in the erroneous result would be 1414218, &c. Now if 
the decimal places in this result be marked off '1414218, &c., this would 
be the correct root of '02 ; therefore you haire found the root of *02, 
when you were asked to find the root of *2. 

Now by the question V('^2) x « = n/C'^), 

- V(io) 

» 3-1626, &c. 



First Division B, 1856. 

1. Explain our decimal system of Arithmetic, and how it is that we 
are enabled with a few digits and a cypher to express any number how- 
ever great. (Cf. §.11). 

Define " diyision." Divide 3472 by 6, explaining clearly the reason 
of each step of the process. (Cf. §. 27). 

2. (a) What is the amount of income-tax paid on an annuity of 500 
guineas at *ld. in the £1 P 

(/3) An article which cost 69. %d, is sold for 8«. lOjcl., what is the 
profit on £100? 

Apply the " Rule of Practice'' to Examples (a) and (^). What is 

meant by " aliquot parts ? " 

2i - lA 

3. Reduce , , * , \, , -f 1 A to its simplest form. 

IS. 4. £ of -^ 

If If of a sum of money ■> f of 5«. 10^., find the sum. 

4. The distance from London to Cambridge is 57} miles ; and from 
Yarmouth to Norwich 20|. The second class fares between the same 
places are 11«. and 2«. respectively : what would have to be added to the 
present fare per mile (second class) between Cambridge and London, so 
as to make it exactly double the second class fare per mile between 
Yarmouth and Norwich? 

5. Multiply £721 „ 0«. „ 51^. by 96; and divide 1283cwt 41bs. by 
75. Reduce f of £1 to the fraction of 1 j of £3 5s. 

Prove the rule for the multiplication of two fractions, taking as an 
example f x f . (Cf. §• 66). 

6. When are four quantities said to be in proportion? Shew by 
means of your definition that 

£191 „ 12«. „ M. : £31 „ 10«. :: 365 days : 60 days; 
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and deduce the method of working the following question : " If 3 work- 
men earn between them £191 „ 12«. „ 6</. in a year, in what time would 
they earn £31 „ 10«. P " 

7. Beduce 28,\ 6d. to the decimal of ^% of £1; and of ^^^ of £1000 
respectively. 

Find the value of -875 of 15«. „ ed. 

8. Divide 12.56 by .01004 : 1255 by 10.04; and .001255 by 1004. 
Reduce lOlf, s^, 430V0 ^^ decimals, and then add them together. 

Keduce f of 1*375 and '285714 to vulgar fractions in their lowest 
terms. 

9. Shew that the fraction f is not altered in value by multiplying 5 
into numerator and denominator. How is it that we do not alter the 
value of a decimal fraction by bringing down any number of cyphers to 
the right hand of the last figure ? (Cf. §. 48 and §. 66). 

10. After paying an income-tax of 10 per cent., a person has £1250 
a year, what was his entire income ? 

11. Find the difference between the simple and compound interest of 
£3300 at 3^ per cent, for 2 years. 

12. In what time will £537 „ 16«. „ Sd. amount to £591 „ 12ff. „ id, 
at 2i per cent, simple interest ? 

13. What must be the rate of interest in order that the discount on 
£387 „ 7«. „ lid. payable at the end of 3 years may be £41 „ 10«. „ 1 Jrf. ? 

14. At what price must the 3^ per cents, be, in order that a person 
may obtain an equal rate of interest by investing in them, as he would 
by investing in the 3 per cents, at 72 ? 

15. A person taking two tickets (a 1st and a 2nd class) from Norwich 
to Stowmarket receives Is. „ Qd» change out of a sovereign, how much 
had he to pay for each ticket separately, supposing that the 1st and 2nd 
class fares from Norwich to Diss are Ss, „ 6d. and 28, „ 9d. respectively ? 
Of course the fares throughout are supposed proportional to the 

distance. 

16. In extracting the square root of 0*003 you have by mistake 

"pointed" thus O*60300, &c. ; and proceeded with the operation and 
marked off the decimals accordingly. Without extracting the root of 
0'003 over again, there is a certain quantity which if multiplied into 
your erroneous result, will give a correct value of V(.003) ; find the first 
three decimal places of this multiplier. 
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Second Division A, 1856. 

1. Prove that 5 times 27 » 27 times 5 ; and that ^ of 3 « f of 1. 

2. (a) What is the dividend on £2045 „ 15$. „ 9d, at 6$, „ ll^d, in 
the £. ? 

(P) Find the value of 9 yds. „ 2 ft. „ 10 in. at 5«. „ 7^. per yard. 

N.B. (a) and (/3) both by " Practice." To what class of examples 
is the Rule of Practice applicable ? what is the meaning of an aliquot 
part? 

3. Easter-day is always the Sunday directly folhtoing the first full 
moon which falls after March 20th. There will be a full moon on 
March 2l8t, 1856 (a Friday), February in 1856 has 29 days, being a 
leap year. Find from these data when Easter Sunday fell in 1854. 

4. Find the area of a room 12ft. ,, 4 in. long by 10 ft. „ 5 in. broad, 
by duodecimals or cross multiplication. If, in this example, the room 
were not supposed to be a rectangular parallelogram, how would the 
answer have to be interpreted ? 

5. Add together 

J of 2». „ 6}rf. + i of £3 „ 2». „ 6 Ji. + i of £5 „ Is. „ Z\d., 
and reduce to its simplest form 

6. What fraction is \s, ,» ^d. of 2s. „ 5(f. ? and 5} of 4t\ ? 

If A be 2f of ^, -B If of C, and D be 7 J of C, what fraction is ^ of D ? 
What is meant by ''reducing one quantity to the fraction of another"? 

7. A person rows from ^ to ^ (a distance of a mile and a half) and 
back again in an hour ; how long would it have taken him if he had 
'' pulled" equally hard, and there had been a stream of 1^ miles an hour 
flowing from A towards B ? 

8. Divide 2-021 by 1000, 20-21 by -001, 23-0142 by 121, 23014200 
by -0121, and 2301-420 by 0-0012100. Prove the foregoing results by 
vulgar fractions, and reduce (^/^ of 2-45 - i^q of *02) - 1000 to a decimal. 

9. Find the value of -375 of a guinea ; and reduce 4«. „ l^d. to the 
decimal of 0-01 of £1, and likewise to that of £0-01. 

10. When are four quantities said to be in proportion ? 

The four quantities, lib. „4oz., £23 „ 16«. „ 30?., £19 „ 1^., and 
1 lb. „ 9 oz. taken in a certain order are in proportion, prove that they 
are so by means of your definition. What are concrete quantities ? Can 
1 lb. „ 4 oz. be multiplied by £19 „ Is. ? 

KK 
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11. If 2f of ^ e li of (^ + f of A)t find two whole numbers which 
shaU bear to each other the ratio of ui to ^. 

12. If a certain number of workmen can do a piece of work in 25 
days, in what time will If of that number of men do a piece of work 
twice as great, suppoung that 2 of the first set can do as much work in 
an hour as 3 of the second set can in IJ hours, and that the second set 
work half as long a day as the first set ? 

13. A person iniresting in the 4 per cents, receires 4f per cent, 
interest for his money; what is the price of stock P 

14. How much stock at 92f must be sold out to pay a bill of 
£715 „ 17«. due 9 months hence at 4 per cent, simple interest ? 

15. (a) Given that the square of 15334 » 235131556 ; find that of 
153347, without going through the operation of squaring. 

(fi) Given that the square root of 1038361 is 1019 ; find the square 
root of 103876864. 

(7) Extract the cube root of 0*01 to 3 places of decimals. 



Second Division B, 1856. 

1. Prove that 29 multiplied by 15 » 15 multiplied by 29. 
Likewise that /^ of 1 = ]\ of 3. 

2. (a) If a person's estate be worth £1384 „ 16<. a year, and the 
land be assessed at 2«. „ 9|cf. per £, what is his clear annual income ? 

(/3) What is the cost of 39 cwt „ 3 qrs. „ 26 lbs. at £4 „ 17«. ,/ lOd. 
per cwt P 

N.B. (a) and (/3) both by "Practice." To what class of examples 
does the " rule of Practice " apply, and why is it so called P 

What is the meaning of an " aliquot part" ? 

3. Easter Sunday is always the Sunday directly following the firU 
full moon which falls after March 20th: there are 29} days between 
any two consecutive full moons: February 1852 (being a *' leap" year) 
had 29 days, and there was a full moon on April 18th, 1848, (a 
Tuesday), 

From these data, find when Easter fell in 1855. 
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4. Find the area of a room 8ft. „ 4in. long, by 12ft. „ 2in. broad, 
by duodecimak or cross multiplication. If in this example the room 
were not supposed to be a rectangular parallelogram, how would the 
answer have to be interpreted P 

6. Add together J of 16«. „ 6irf. 4- J of Us. „ lOJrf. + J of £2 „ 4«. „ Sid. 

(21 - i of 1^ 1 \ 1 
"f — li — x^ "ol)^ Ti' 

6. What fraction is U. „ 5d. of &}rf. ? and 2 J of 3| P 

If -4 be J of 2f of B, and C be 1 J of 3, what fraction is -4 of CP 
What is meant by "reducing one quantity to the fraction of 
another"? 

7. A person rows a distance of 1} miles doum a stream in 20 minutes ; 
but without the aid of the stream, it would have taken him half an hour ; 
what is the rate of the stream per hour P and how long would it take 
him to return againet it P 

8. Divide '01 by 1000$ 202 by -01; and 13099-52 by -0011008; and 
prove your results by vulgar fractions. 

Reduce (.^o of 11*02 - A of 11*8) ■=- 0*1 to a decimal. 

9. Beduce 18«. ,| 4}<f. to the decimal of £1, and likewise to that 
of £1000. 

Find the value of -786 of £10. 

10. When are four quantities said to be in proportion ? and apply 
your definition to ascertain whether the four quantities 3 lb. „ 2 oz. ; 
1«. „ Ifcf.; Is. nlld.*, 41b. „ 2oz. can be so arranged as to form a 
proportion. Can pounds and ounces be multiplied into shillings and 
pence P 

11. If If of (^ - f of ^) « 2} of (^ -I- ^; find two whole numbers 

which shall be to each other in the ratio of A to B. 

12. If 20 men can perform a piece of work in 12 days, how many 
men will perform a piece of work half as large again in a fifth part of 
the time, if they work the same number of hours a day; supposing 
that 2 of the second set can do as much work in an hour as 3 of the 
first set P 

13. A person investing in the 4 per cents, receives 5 per cent for 
his money; what is the price of stock P 

14. When the 3 per cents, are at 80, how much stock must be 
sold out to pay a bill of £090 ,, d^. ,, 9(f. due 9 months hence at 
8 per cent simple interest ? 
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15. (a) Given that the square of 10129 is 102596641 ; find the 
square of 101293 without going through the operation of squaring. 

(/3). Given that the square root of 105625 is 325, find that of 
10573009. 

Extract the cuhe root of 0*5 to 3 places of decimals. 



October, 1856. 

Abstbact Numbers. 

1. What two definitions are given of any fractional symbol, as for 
instance of f ? Shew that the one definition involves the other. 

And prove, without assuming any property of fractions, 

that f off = |J|; 

likewise that 5 -f - = — -— . 

2. What fraction of 5\ is 4^ ? and show from your definition of a 
fraction the correctness of your result. 

If -dt = IJ of B, and C = 2J of B, what is the ratio of ^ to C? 

3. (a) Beduce 3^,, i^ /q, and ^ to their letut common denominator. 

A JL /3s. 35. A \ 

ip) Keducetotheirsimplestform8| + ~--^; {-A- :^^ -^M ^• 

4. State your rule for the division of one decimal by another, and 
apply it to the two following examples : 

10-836 -r 5-16 ; 1083-6 r 5-16 : 

and prove the truth of each result by vulgar fractions. 

5. Perform the following operation in decimals : 

(7 J of J + H - -02) f -005. 
Likewise find the value of f of '03, determining the recurring period. 
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CONCBETE NUMBEBS. 

6. Without reducing the whole sum to farthings, find the correct 
value (to the fraction of a farthing) of ^ of £365 „ 4«. „ l^d. ; and 
divide the result by 11. 

7. Reduce to its simplest form, i,e. to days, hours, &c., the following 

expression: 1^ of ~ of — ' " * of 3 days „ 2 hours. 

8. Do the following example by " Practice." 

What is the tax on £1234 „ 158. at Ss. „ l^d. in the pound? 

9. If £1 sterling =10 florins = 100 cents - 1000 mils ; how many 
florins, cents, &c. is £25 „ 10«. ,flld, equal to? find the exact value 
with the decimal remainder, if there be any. 

Likewise express the result in the form of the decimal of a florin. 

10. Apply the common rules for the multiplication and division 
6i decimals to the two following examples : 

(a) Multiply £360 „ 7 florins „ 4 cents „ 3 mils by 230. 

()3) Divide £45 „ 3 florins „ 3 cents „ 3 mils by £36 „ 5 florins. 

11. In France (where the different tables are all adapted to decimal 
computation), the unit of weight is a " gramme." 

A kilogrammes 10 hectogrammes = 100 decagrammes = 1000 grammes. 

If we had the same table of weights as in France, and had pounds, 
florins, cents, and mils, as defined above in example 9, how should 
we find the price of 57 kilogr. „ 8 decagr. „ 4 gr. of any article which 
cost £17 „ 5 florins „ 7 cents per kilogramme? find the exact result 
in florins, cents, &c. by means of decimal fractions. 

12. The exchange between London and Paris is 25-5 francs per 
pound sterling ; between Paris and Amsterdam is 117 francs for 55 florins; 
between Amsterdam and Hamburgh is 11 florins for 13 marks; what 
is the exchange between London and Hamburgh ? (%,e, how many marks 
is £1 sterling worth ?) 

13. Find the difference between the simple and compound interest 
on £416 „ IZs. „ 4d. for two years at 2^ per cent. 

14. At what rate per cent, simple interest will £936 „ IZs. „ 4d^ 
amount to £1157 „ 7». „ 4irf. in 4| years ? 

15. A person buys £500 stock at 98f and sells out at £103; what 
does he gain by the transaction ? 

16. At what rate per cent, will a person receive interest, who invests 
in the three per cents, when they are at 91 ? 
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First Dmnan A, 1857. 
1. Find the value of llcwt, „ Sqrs. „ 21 Ua. at £1 „ 6s. „ id.p&r act. 



1 
14 

7 



J 


£. 9. d, 
1» 6„4 
17 


s 

i 


22„ 7„8 
13 „ 2 
6„7 
3„3J 

l„75 



23 „ 12 „ 4J 



2, What is the least nundfer of dollars at 4«. „ 2d. each, which is equal 
to an exact number of sovereigns f 



£. 
60 



£. 
5 



A dollar, being 50 pence is — - or — ; 

£. 



therefore 
therefore 



24dollar8«24x~-»£fi; 

24 

24 dollars Ans. 



3. Prove that the fraction ^ — ^ m greater than - and less than - 



5 + 6 11 

6 + 7°" 13' 



Comparing Ji and |. we have 



therefore 



66 , 65 
— and — : 

78 " 78 ' 

66 11. , ,, 5 

^ or — IB greater than -. 



Comparingljand^.wehave 



therefore 



77 , 78 
— and — : 
91 01 ' 

gjorjjxalessthan^j 
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therefore -—-- is greater than - and less than -5 

+ 7 o 7 



* 6.7 , 9 X 10 22i 



4. Seduce— .+ -0/^^-^- ^ to iU,impM/orm. 



6 



^ ^ 8 5 

- + -4 S 




10 6 S 3 
6 "^ 20 ^ 4 4 

1 1 

B ~ 4. - 

2 2 

a 1 Ans. 

5. ^ man confracto to perform a piece of work in 30 days, and 
immediately employe 15 men upon it: at the end of 24 days the work 
w only half done ; rehired the additional number of men necessary to 
fulfil the contract, 

i.e. if 15 men do J the work in 24 days, how many men will do 
i the work in 6 days ? 

Therefore 15 x 24 : arx 6 :: 1: L 

2 2* 

4 
« X ^ = 16 X % 

a? = 60. 

Therefore the whole number required to work at it for the remaining 
6 days would be 60; and as there were only 15 originally; therefore 
45 additional hands must be set on. 

Therefore 45 Ane. 
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6. MulHpfy -(M by l(MO ; and dwide IWQO by ^025. 

•025 
1000 

250000 

therefore 250 Ans, 

•025) 10000-000 (400000 
100 

00 
therefore 400000 Ans. 

7. Gmvert f ofajhrin and ,% of half-a-eroton mto decimah of £5. 

f of a ^fiorin, divided by 10, and by 5, will be brought into the de- 
nominator of £5, 



6 


2^ 


10 


•4 


5 


•04 



•008^11*. 

^0 of half-a-crown, divided by 8, and by 5, mQ also be brought into 

the denomination of £5. 

•3 



8^ 
5 



•0375 



•0075 An8. 



8. JBxtract the square root of the product of '004 and 15*625. Of 
what number ie 'I the square root f 

15-625 
•004 



•062500 (^25 
4 



45) 225 
225 



since •I x -1 = -01 ; 

therefore *01 is the number of which *1 is square root. 

9. If the tenth, the hundredth, and the thousandth part of a pound 
sterling be called a florin, a cent, and a mil respectively, and a man's 
weekly wages are £2 „ \ florin „ 2 cents ,, 5 mils respectively, on which 
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he pays an %ncome4ax of 5 cents in the pound, find his net yearly income, 
and convert the resuU into pounds, shillings, at^d pence. 



Weekly wages are 



£. 
2-125 
52 





4250 
106 25 


But 5 cents 


1 

so 


110-500 yearly wages 
5-525 tax 


(since £ji^ -= A) 104-975 net income 

20 






19-500 
12 



therefore 



6-000 
£104 „ Ids. „ Qd. Ans. 

10. Find the compound interest on £200 in Z years at 5 per cent, 
per annum. 

What sum toiU amount to £2315 „ 5s, in 3 years at 5 per cent, com- 
pound interest? 

Since to multiply by 5 and divide by 100 is to multiply by j^ or io- 



Therefore 



1 

so 



1. 

80 



1 
80 



200 
10 



210 principal of second year 

10-5 



220-5 principal for third year 
11025 



therefore 



231-525 amount at end of 3 years 
20 t 

10 500 
£31 „ lOs. „ 6d. Ans. 

Also knowing, from above, the amount of £200 in 3 years at 5 per 
cent, we state at once 

200:«::231fJ:23l5i, 

a? X -rrr- = 200 X -TT- , 

10 
X = 2000 Ans. 



LL 
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U. Find th$ present vahis qf £415 „ 8*. ,, 8J. iAm 9 m<mth$ hence, 
allowing 4 per cent per annum interesL 

mo. jrr. 

3 8 

9 = 7; therefore r- of 4 = 3, 

4 4 

103:415Jt::100^'J/ 
121 

Wx^-^'^xlOO. 

« « -^ « 403i ; 

therefore £403 „ 6». „ 8^. Ans. 

12, A fixed rent of £780 per annum is converted into a com rent of 
one-half wheat at iSe. per quarter, and the other half barley at 30^. per 
quarter. What will he the rent when wheat hoe advanced to 58«. and 
barley to 32«. per quarter f 

The ambiguous expression ''A fixed rent is converted into a com 
rent of one-half wheat and the other half barley," may be taken to 
mean either that the sum of £780 was paid in equal quantities of wheat 
and of barley; or that half of the rent was paid in wheat, and half in 
barley. 

Assuming first, that a certain fixed number of quarters of wheat were 
always to be paid, and the same number of quarters of barley, (the 
number of quarters is not required, but would be found on trial to be 
200), we should have 

wheat at 48 wheat at 56 

barley at 30 barley at 32 

78 88 

therefore 78 : 88 :: 780 : Ans. 

£880 Ans. 
But if half the value of the fixed rent be paid in wheat and half in 
barley, then ^^ or £390 is value of the wheat and £390 the value of the 
barley. Also £390 when wheat is at 48«. per quarter gives 



qrs. 
65 5 




qra. 


qn. 




^x5 325 
2 2 


: ie2j. 


« 








2 
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And £390 wben barky is at 30«. per quarter gives 

qn. 

!2?^= 130x2 = 260. 

And assuming that the value of 162| quarters of wheat and of 260 
quarters of barley were always paid, we have 

▼alne of wheat, 
qrs. 65 !A £. 

ff? X 56«. « 5s^^ « 455 

value of barley. 

and ?5^«13x32 = 416 

871 Ans. 

13. A person invested £4410 in Sper cents. Oonsoh at 90; at the 
end of the year he sold out at 93| and invested the proceeds in Russian 
^iper cent. Stock at 98. WTuit addition is thereby made to his income t 

90: 4410:: 100: or, 

49 
^ = 100 X ^\% 

X s £4900, the Stock originally held, 

therefore at 3 per cent. £147 was the income obtained. 
He now transfers hiB Stock; therefore 

93 J :98::dP:4900, 
187 'Wk 

X » 4675 Russian Stock 
4t 



Second Income 

£• 8* d. 



18700 
2337 „ 10 



210 „ 7 „ 6 210-37 „ 10 

147 „ „ 20 

Ill ■ 'i" ••- 

63 „ 7 „ 6 Ans. 75 
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14. ff ih$ €$Hmated annual value of the property in a eertam pariih 

eonsiet of the yearly rent paid to the Landlord together with the rates, 

and the rates be calculated upon the rent after a reduction of 30 per cent, 

find the rateable value of a tithe rent charge, the estimated value of which 

is £663 per annum, when rates are Ss> in the pound. 

Estimated ralue = rent -f rates. 

Bates are Ss. in the pound, or are ,^o ^^ rateable property; therefore 
estimated Talue - rent + s^o ^^ rateable property. But rates are calcu- 
lated on rent less SO per cent., ue. on rent less ^^o ^^ ^eoX, Le. on ]^ 
rent ; therefore rates are /^ of f-^ of rent or are sVb ^>^^ 

But estimated yalue » rent -f rates 

- rent + aVo 'cnt 

a '^-L rpnt • 
« a **'iii. , 

therefore 663 a f JJ rent, 

3 £. 

X 200 = !^ X rent. 



600 = rent, 

take off 180 which is 30 per cent of this 

420 rateable value. 



First Division B, 1857. 

1. Pind the value of 35 cwt. „ 3 qrs. „ 14 lbs. at £1 „ 19«. „ Oc^. 
per owt. 

2. What is the least number of dollars at 4«. „ 3<f. each, which is 
eqaal to an exact number of sovereigns ? 

6 + 7 

3. Prove that the fraction = — - is greater than f and less than |. 

• 7 + o 
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4. Eeduce to its simplest form 

1 A _ A 6 9x5 111- 
li+ A 7 14x3" 15 • 

5. A man contracts to perform a piece of work in 60 days, and 
immediately employs upon it 30 men ; at the end of 48 days the work 
was only half done ; required the additional men necessary to fulfil the 
contract ? 

6. Multiply -075 by 10000, and divide 10000 by -075. 

7. Convert J of a florin and ^q of half-a-crown into decimals of £5. 

8. Extract the square root of the product of '001 and '625. Of what 
number is '01 the square root? 

9. If the tenth, hundredth, and thousandth part of a pound be called 
a florin, a cent, and a mil respectively, and a man's weekly wages are 
£2 „ 9 florins „ 7 cents „ 5 mils, upon which he pays an income-tax of 5 
cents in the pound, find his net yearly income, and convert the result 
into pounds, shillings, and pence. 

10. Find the compound interest of £600 in 3 years at 5 per cent, 
per annum. 

What sum will amount to £6945 „ 159. in 3 years at 5 per cent, 
•compound interest P 

11. Find the present value of £428 „ 15«. due 5 months hence, 
allowing 5 per cent per annum interest. 

12. A fixed rent of £1170 is converted into a com rent of one-half 
wheat at 48^. per quarter, and the other half barley at 30«. per quarter. 
What will the rent be when wheat has advanced to 568. and barley to 
32«. per quarter. 

13. A person invested £2205 in the 3 per cent consols at 90. At 
the 6nd of a year he sold out at 93^, and invested the proceeds in 
Russian 4| per cent stock at 98. What addition is thereby made to his 
income ? 

14. If the estimated value of the property in a parish consist of the 
yearly rent paid to the landlord together with the rates, and the rates be 
calculated upon the rent after a reduction of 30 per cent., find the rate- 
able value of a tithe rent charge, the estimated annual value of which is 
£884 per annum, when the rates amount to 3«. in the pound. 
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Seeond Dkwim A, 1857. 

1. How many pounds of tea at 4«. „ 2dL per lb. can be bought for 
£12 „ 105. ? 

2. If 14 men can do a piece of woriL in 18 days, in how many days 
will 24 men do it? 

3. Add together i, }, \, and i, and sabtract the sum from 1}. 

4. What fraction of £58 „ 5«. „ 6d. is |f of £17 „ 2f. „ 3ii? 

5. The net rental of an estate, after deducting Id. in the pound for 
income-tax and 6 per cent en the remainder for the expenses of collect- 
ing, is £479 „ lis. I(k2., what is the gross rental P 

6. Multiply 1*075 by -0101, and diyide the product by 43. 

7. Add together 2-095 hours, *07 days, and *05 weeks, and express 
the sum as a decimal of 365*25 days. 

8. The surfiEtce of a cube is 86*64 square feet, what is the length of an 
edge? 

9. A bankrupt has book-debts equal in amount to his liabilities, but 
on £3000 of them he can only recoyer 6s. „ 8J. in the pound, and the 
expenses of the bankruptcy are 5 per cent, on the book-debts; if he pays 
lis. in the pound, what is the amount of his liabilities P 

10. What will £360 amount to in 4 years and 2 months at £3 „ 6s. „ 8dL 
per cent per annum, simple interest P 

In what time will a sum double itself at the above rate P 

11. Find the discount on £31 „ 13s. „ 4dL due 4 months hence at 4 
per cent per annum* 

12. If a cubic foot of marble weighs 2*716 times as much as a cubic 
foot of water, find the weight of a block of marble 6 ft „ 4in. long, 
1 ft „ 6 in. broad, 1 ft thick, supposing a cubic foot of water to weigh 
1000 oz. 

13. A tithe-rent of £385 per annum is commuted in equal parts into 
a corn-rent consisting of wheat at 56s. per quarter, barley at 32s. per 
quarter, and oats at 22s. per quarter ; find its value when wheat is at 64s. 
per quarter, barley at 44s. per quarter, and oats at 24s. per quarter* 

14. The receipts of a ndlway company are apportioned in the follow- 
ing manner; 48 per cent for the working expenses, 10 per cent for the 
reserve fund, a guaranteed dividend of 5 per cent on one-fifth of the 
capital, and the remainder, £32000, for division amongst the holders of 
the rest of the stock, being a dividend at the rate of 4 per cent per 
annum ; find the capital and the receipts. 
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Second Divinan B, 1857. 

1. How many pounds of tea at 49. „ 2dL per lb. can be bought for 
£37 „ 10». P 

2. If 12 men can do a piece of work in 20 days, in how many days 
will 15 men do it P 

3. Add together i, i, i and I, and subtract the sum from 2f . 

4. What fraction of £174 „ 16s. „ Bd. is ff of £34 „ is. „ Sd. P 

6. The net rental of an estate, after deducting Id, in the pound for 
income-tax and 5 per cent on the remainder for the expenses of collect- 
ing, is £959 „ 3«. „ Sd.f what is the gross rental P 

6. Multiply 3-225 by -0101, and divide the product by '216. 

7. Add together 12*57 hours, *42 days, and *3 weeks, and express the 
sum as a decimal of 365*25 days. 

8. The surface of a cube is 346*56 square feet, what is the length of 
an edge P 

9. A bankrupt has book-debts equal in amount to his liabilities, but 
on £6000 of them he can only recover 13«. „ id. in the pound, and the 
expenses of the bankruptcy are 5 per cent, on the book-debts; if he 
pays 139. in the pound, what is the amount of his liabilities P 

10. What will £480 amount to in 3 years and 3 months at £4 „ 3«. „4c^. 
per cent per annum, simple interest? 

In what time will a sum double itself at the above rate P 

11. Find the discount on £158 „ 68. „ Sd. due 4 months hence at 4 
per cent per annum. 

12. If a cubic foot of marble weighs 2*716 times as much as a cubic 
foot of water, find the weight of a block of marble 9 ft. „ 6 in. long, 
2 ft. „ 3 in. broad, 2 ft. thick, supposing a cubic foot of water to weigh 
1000 oz. 

13. A tithe-rent of £310 per annum is commuted in equal parts into 
a corn-rent consisting of wheat at 56«. per quarter, barley at 32«. per 
quarter, and oats at 22& per quarter ; find its value when wheat is at 649. 
per quarter, barley at 44^. per quarter, and oats at 24«. per quarter. 

14. The receipts of a railway company are apportioned in the follow- 
ing manner ; 48 per cent for the working expenses, 10 per cent for the 
reserve fund, a guaranteed dividend of 5 per cent on one-fifth of the 
capital, and the remainder, £48000, for division amongst the holders of 
the rest of the stock, being a dividend at the rate of 4 per cent, per 
annum ; find the capital and the receipts. 
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October, 1857, {A). 

1. Which is the more valuable crop, wheat yielding 5 quarters the 
acre and selling at 6«. „ 9d per bushel, or barley yielding 6 quarters ,» 
6 bushels the acre, and selling at 4«. „ 10(^. per bushel? 

2. A tradesman by selling an article for 6$, gains 20 per cent., what 
was the cost price P 

3. Find the difference between 

B 8 , 8 4 ^ 4 fl 6 8 

4. From J of J of a penny subtract J of J of J of a shilling. 

5. If standard gold worth £3 „ 17«. „ 10 J e^. per ounce be so far alloyed 
as to be worth only £3 „ 16^. „ \\d, per ounce; find the least number of 
sovereigns made of the alloyed gold which shall be equal to an exact 
number made of standard gold. 

6. Divide 14*4 by -0012, and also by 1200. 

7. Add together 16*75 yards, 1*3125 feet, and 11*25 inches, and con- 
vert the sum into the decimal of a mile. ^ 

8. If the diameter of the fore- wheel of a carriage be 2 feet „ 3 inches, 
and that of the hind-wheel be 3 feet „ 6 inches, find how many timea 
oftener the one will revolve than the other in a distance of 10 miles, 
having given that the circumference of a circle is to the diameter 
as 3*1416 to 1. 

9. A person invests a sum of money in the 3 per cent. Consols at 88, 
and at the end of 4^ months, after receiving one half-year's dividend, 
sells out at 87^. At what rate per cent, per annum does he receive in- 
terest for his capital ? 

10. Find the compound interest of £800 for 2 years at 5 per cent, 
per annum. 

What difference will it make if the interest be charged half-yearly in- 
stead of yearly ? 

11. What is the present worth of £257 „ 10«. due 8 months hence, 
allowing 4| per cent, per annum interest ? 

12. £xtract the square root of 65537 and of *65537, each to three 
places of decimals. 

13. Gunter's chain consists of 100 links, and a rectangular area 10 
chains long by 1 chain broad contains an acre; find the area of a rectan- 
gular field whose sides are 56 chains „ 25 links and 25 chains „ 20 links 
respectively. 
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14. The governors of Queen Anne's bounty advance £845 on mort- 
gage of a living on the following conditions : Uie principal to be repaid 
in 30 years by equal annual instalments, and interest at the rate of 3i per 
cent to be charged on the part unpaid. If the sum due in any particular 
year be £43 „ 18«. „ did,, find how many previous annual payments 
have been made. 



October, 1857, (B). 

1. Which is the more valuable crop, wheat yielding 4 quarters „ 
4 bushels the acre and selling at 6s, „ Zd. per bushel, or barley yielding 
6 quarters the acre and selling at 4«. „ 8(2. per bushel P 

2. A tradesman by selling an article for 6«. gains 20 per centi what 
was the cost price P 

3. Find the difierence between 

2 — ? + 1 — * and -2 2 - • U 



i+i i+i J+i i+ 



10 

X 
10 



4. From ^ of } of ^ of a shilling subtract ^ of | of a penny. 

5. If standard gold worth £3 „ 17«. „ lOld, per oz. be so far alloyed 
as to be worth only £3 „ 12s. „ 3f c2. per oz. : find the least number of 
sovereigns made of the alloyed gold which shall be equal to an exact 
number made of standard gold. 

6. Divide 12-1 by -0011, and also by 1100. 

7. Add together £16*75, 1*3125 shillings, and 11*25 pence, and 
convert the result into the decimal of £25. 

8. If the diameter of the fore-wheel of a carriage be 3 ft. and that of 
the hind-wheel be 4 ft. „ 6 in., find how many times oftener the one will 
revolve than the other in *a distance of 5 miles, having given that the cir- 
cumference of a circle is to the diameter as 3*1416 to 1. 

9. A person invests a sum of money in the 3 per cent Consols at 90, 
and at the end of 3 months, after receiving one half-year's dividend, sells 
out at 89}. At what rate per cent per annum does he receive interest 
for his capital P 

10. Find the compound interest of £400 for 2 years at 5 per cent 
per annum. 

What difference will it make if the interest be charged half-yearly 
instead of yearly P 

11. What is the present worth of £257 „ 10s. due 9 months hence, 
allowing 4 per cent per annum interest? 

MK 
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12. Extract tlie flqnare root of 65535 and of '65535, each to iLree 
plaoes of decimalB. 

16. Gantei^i cbain oonsists of 160 links, and a rectangular area 
16 chains long by 1 chain broad contains an acre ; find the area of a 
reetangolar field whose sides are 67 chains „ 50 links, and 30 diains „ 25 
linkn respectiyely. 

14. The governors of Queen Anne's bounty adyance £725 on mort- 
gage of a living on the following conditions : the principal to be repaid 
in 30 years by equal annual instalmeats, and interest at the rate of 3} 
per cent, to' be charged on the part unpaid. If the sum due in any 
particular year be £37 „ 14«.| find how many previous annual payments 
have been made. 



Firit Dimsion A, 1858. 

1. What M meant by Numeration f 
Express in words the number 817001014. 

JS^kUn the principle upon which you have obtained your renUt, 
(X§9,$ll,and{12. 

2. Seduce Ifd to the fraction of a Jkrin ; and find the value of 

*25 of 3«. ,, 6(1. 

If J 7 

2i'24"96* 

Again *25 

42 pence 

50 
10 

10*50 
Penoo d* 

«nd 10-6 = lOJ. 

S. A ftmn being &^ tenth part of a pounds a cent the hundredth^ 
and a mU the thousandth ; express £32 „ 16«. „ did, in pounds^ fiorine^ 

eentSf and mUs. 

^l± 

12 ) 5-2500 

20 ) 164375 

32*821875 

therefore £32 „ 8 florins „ 2 cents „ 1*875 mils. 
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4. Add together *0016, 1*7, -02, and eubtract the renUtfrom 2. 

•0016 

1-7 2-0 

-02 1-7216 

1-7216 -2784 

5. What fraction of 5 m. „ bfge, „ 7|>. „ 0y<fo. „ 0/lf, „ HJJ in. is 
^1 of a league f 

5 miles » 8800 yards 

5 furg. =1100 

7 poles « 38} 



\\\\ inch 



J.1 

84 



9938if 



8 8 

and 17^^^ league is r^ of 3 x 1760 yards ; 

therefore fraction required is 

/£ X 3 X 1760^ V 9938}t 

22 

8 X 3 X U^ XS 

2112 

' XX 

JSix3x!ji{ 

12 
1 

6. If 100 men can make an embankment 2 miles long in 20 days, how 
much over-time must 120 men work in order to finish an embankment 
3 miles long in 24 daysf Twelve hours' is supposed to be a regular 

daxfs work, 

100 X 20 X 12 : 120 X 24 X dP :: 2 : 3, 

2 

1S| 2 5* 

X%x%x2x« = XWx20xX^x^ 
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5 

!; X !; X 2 X d; B 5 X 9^ 

2a? = 25, 

X « 12} honn ; 

therefore ffaey must work half-an-hour orer-time. 

1. Dkdde 76-57 by -0019 ; and muUiply the gwtHeni hy f of -0008568. 

•0019) 76-57 (40300 
76 

57 
57 

7 ) '0008568 

•0001224 
8 



•0003672 
40800 

1101600 
146880 

14-7981600 Am. 

8. A Landlord hat an utaU that hrings him in £3000 a year, hut 
this ffroes income is Uabk to deductions for rates and repairs to the extent 
of 12 per cent. He selle it at 2^ years purchase on the gross income, and 
invests the produce of the sale in 3 per cents, at 97}. What difference 
is caused in his income f 





3000 3000 




12 360 


rates, &c. 


360,00 2640 net income. 


He sells it for 


24 X 3000 a 72000, 




Inc. 
97i:72000::3:«, 




Iffi 4800 




"««>«»»S-T 



«£2215„7«.„8Ad:; 



EXAMINATIOlf PAPERS. 



269 



therefore 2640 - £2215 „ 7«. „ S^^d. = £424 „ Us. „ Sf^^ which is the 
diminution of his income caused by the sale. 

9. A wine merchant buys 3 kinds of wine and mixes them together 
in this proportion : 1 cask of the first, the price of which is £80 a cask, 
3 casks of the second, the price of which is £90 a dash, 2 of the third kind. 
He keeps this mixture for 12 months, and then sells it for £104 „ 10s. a 
cask, clearing 10 per cent, after allowing 4 per cent, for interest of 
capital. What was the original price of the third kind of unne f 

1 cask at 80 cost 80 
3^ casks at 90 cost 270 

therefore 4 casks out of the 6 cost 350. 

But 6 casks were sold for 6 x 104^ = 627. 

Now 627 is the amount of original price of all 6 casks, put to simple 
interest for 1 year at 14 per cent. ; therefore 

100: a?:: 114: 627, 



X = 



11 
627 X 100 ^x 50 



550, 



114 ^\ 

deduct 350, the price of 4 casks, and we have £200 as the price of the 
remaining 2 casks, which therefore cost £100 each. 

10. Explain the difference between simple and compound interest. 
Find the compound interest on £25000 /or Z years at ^per cent, sup^ 
posing interest to be made capital at the end of each year, 

-L JL. 
100^25' 



therefore 



therefore 



25 ) 25000 

1000 first year's interest 

26 ) 26000 capital for second year 

1040 second year's interest 

2 5) 27040 capital for third year 
lOSlJf 

1000 
1040 
10811 



£3121 „ 12s. compound interest 



270 ABrrBiiBTia 

n. A room is 14 feet „ 3 in. high, 20/eet wide, 24 feet long. IVhat 

wiU it cost to paper it with a paper 2feet „ 6in. wide, whose price is llJiL 

per yard? AUow Sfeet hy bfeet „ 3m. /or each of 4 doors; 10 feet 

bg 6 feet „ 8 m. for each of two windows, and 6 feet „ 6 inches hy bfeH 

for afvreplaee,^ 

To obtain the area of the 4 walls, add length and breadth, multiply 
by the height, and double the result. 

24 length 

20 breadth 

44 

14 „ 3 height 

616 

U„ 

627 
2 



1254 area of 4 walls 

8 10 6,. 6 

e„3 6„8 



»f 



40 60 32 „ 6 fire-place 

^ »i Q 6 » 8 133 „ 4 windows 

42 each door 66 „ 8 window 168 doors 

^ 2 333 „ 10 



168 4 doors 133 „ 4 

From 1254 „ area of the 4 walls 

deduct 333 „ 10 area of the doors, &c. 

therefore 920 „ 2 area left to be papered* 

3x2J:920J::lli:ar, 

15 

^ Pence. 

5521 X X)| X 5{ 5521 

«|x^x)ll ^ 4 
2 2 

« 1380} pence 

= 115«. „0}c?. 

B £5 „ 15«. „ OJrf. cost. 

12. Explain the advantages of a decimal system of coinage and 

accounts. Cf. pp. 50, 51. 

Do you apprehend any disadvantages as likely to arise from the 

introduction of the sysUm into England t 
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First DivUian B, 1858. 

1. What is meant by NumertUian f Express in words the number 
127800021. 

Explain the principle upon which you ha^e obtained your result. 

2. Reduce 2f ^. to the fraction of 15 shillings ; and find the value of 
*05 of U, „ Sd. 

3. A florin being the tenth part of a pound, a cent the hundredth, 
and a mil the thousandth, express £6 „ 14«. „ 2JdL in pounds, florins, 
cents, and mils. 

4. Add together the following: •172, -06, 1*004, and multiply the 
result by •04, 

5. What fraction of 6 m. 2 fgs. 7 p. 11 y. 1 ft. 6 in. is fg of a league ? 

6. If 50 men can make an embankment 3 miles long in 60 days, 
working 12 hours a day, how many hours a day must 80 men work in 
order to finish an embankment 4 miles long in 40 days P 

7. Divide 73-8 by ?0018 and multiply the quotient by A of •0009747. 

8. A landlord has an estate that brings him in £4000 a year, but 
this gross income is liable to deductions for rates and repairs to ihe 
extent of 15 per cent. He sells the estate at 24 years' purchase on the 
gross income, and invests the price in the 3 per cents, at 97}. What 
difference is caused in his income P 

9. A wine merchant buys 3 kinds of wine and mixes them in the 
following proportions : 2 casks of the first kind the price of which is £80 
a cask, 1 of the second kind the price of which is £90, and 2 of the 
third kind. He keeps the mixture 6 months, and then sells it for £99 a 
cask, clearing thereby 8 per cent allowing interest on capital at the rate 
of 4 per cent per annum. What was the original price of the third kind ? 

10. Explain the difierenee between simple and compound interesty 
and find the compound interest on £24000 for 3 years at 5 per cent, 
supposing interest to be made capital at the end of each year. 

11. A room is 14 ft. „ 6 in. high, 20 ft wide, and 22 ft. long. What 
will it cost to paper it with a paper 2 ft. „ 6 in. wide, whose price is 10^^. 
a yard ? Allow 8 ft by 5 ft. „ 3 in. for each of 2 doors, 6 ft. „ 6 in. by 
6 ft for a fire place, and 12 ft. by 5 ft „ 7 in. for one window. 

12. Explain the advantages of a decimal system of coinage and 
accounts. 

Do you apprehend any disadvantages as likely to arise from the 
introduction of the system into England ? 



■X- . 4* iR. _ Jk 

5, Express -^ — ^ 4- by j^^ — ^ in its simplest fomii and square your 
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Second Division A, 1858. 

1* Express in figures two hundred and thirty-two millions three 
thousands and fourteen. 

Explain the principle upon which your figures represent the number. 

2. Reduce Is, „ ^d. to the fraction of a orown; and find the value of 
*075 of a pound. 

3. Add together the following : *064, 12*4', *006, and divide the result 
by -02. 

4. A florin being the tenth part of a pound, a cent the hundredth, 
and a mil the thousandth, express £18 „ 12«. „ 6|d!, in pounds, florins, 
cents, and mils. 

A . A A _ 1 

2.^ by— • 

18 fll 

result. 

6. The price of gold in this coimtry is £3 „ lis. „ lOld. per oz. 
What ought 100 sovereigns to weigh, supposing that f of each sovereign 
is pure gold, and that the value of the sovereign is that of the gold 
which it contains P 

7. If a rupee be worth 2s. „ 4i., what decimal fraction is it of 
9s, „ 4d. ? Express £6*944 in rupees and decimal parts of a rupee. 

8. What does 5 cwt. „ 2 qrs. „ 6 lbs. of bread cost at Is, „ 9d, a stone ? 

9. Suppose that £1 exchanges for 24*8 francs, and that the French 

3 per cents, are selling for 70*2 francs. What amount of such stock 
will £589 buy P 

10. Find the fourth root of -00028561. 

11* Find the discount on £50 „ 3«. due six months hence, allowing 

4 per cent, interest for money. 

12. Explain the advantages of a decimal system of coinage and 
accounts. 

Do you apprehend any disadvantages as likely to arise from the in- 
troduction of the system into England P 



Second Division B, 1858. 

1. Express in figures three himdred and seventy-two millions four 
hundred and one. 

Explain the principle upon which your figures represent the number. 

2. Keduce 2s, „ Ad. to the fraction of £5; and find the value of '105 
of £19. 
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3. Add together the following : 

•0001, 7-6, -4, 
and dlTide the result by *3. 

4. A florin being the tenth part of a pound, a cent the hundredth, 
and a mil the thousandth, express £12 „ 7«. „ ^, in pounds, florins, 
cents, and mils. 

5. Reduce to its simplest form -f--| 4- T" V > «id cube the result 

6 7 8 11 

6. The price of gold in this country is £3 „ lis. „ lOJi. per oz. 
"What ought 75 sovereigns to weigh, supposing that ^ of each sovereign 
is pure gold, and that the value of the sovereign is that of the gold 
which it contains P 

7. If a rupee be worth 2«. „ 4cf., what decimal fraction is it of 
lU. „ 8 J. ? Express £7*5642 in rupees and decimal -parts of a rupee. 

8. What does 39 cwt. „ 2 qrs. „ 14 lbs. of bread cost at 1$, „ dd, 
per stone? 

9. Suppose that £1 exchanges for 24*6 francs, and that the French 
3 per cents, are selling for 70*3 francs; how much of this stock will 
£351 „10«. buy? 

10. Find the cube root of -0004913. 

11. Find the discount on £1649 due 6 months hence at 4 per cent. 

12. Explain the advantages of a decimal system of coinage and 
accounts. 

Do you apprehend any disadvantages as likely to arise from the 
introduction of the system into England? 



October, 1858, {A). 

1. Express in figures three hundred and eighty-one millions two 
himdred and seventy-four thousand nine hundred and fifty-four. 

Explain the principle upon which you have proceeded. 

2. If the mean diameter of the Earth be 504,979,200 inches in 
length, express its length in feet, yards, poles, furlongs, and miles. 

3. Keduce 4|(/. to the fraction of half-a-crown : and find the value 
of -04 of £1 „ 68. 

4. Add f to j^. Square the sum and subtract it from 2. 

5. Add together the following: '185, -0185 and 1*85. Divide the 
result by '02. 

NN 
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6. Express 1«. „ 9d, as a decimal of £1. 

If a dollar be worth 4«. „ lOd., how maiiy dollars and decimal parts 
of a dollar are worth £1 „ Is. „ 9d. ? 

7. Multiply together 73*8, and -0058 and divide the product by 
} of -00812. 

8. If 1000 men can excavate a basin 1600 yards long, 600 broad, 
40 deep in 8 months, how many men will be required to excavate a 
basin 2000 yards long, 400 wide, 50 deep in 10 months? 

9. A room is 20 feet long and 16 feet wide, what must be its height 
in order that the area of the floor and ceiling together may be equal 
to the area of the walls P 

10. Find the discount on £164 „ 28. „ 6d. due 3 months hence, at 
4 per cent, per annum. 

11. Af JS, C enter into business together and embark £3000, £4000, 
and £5000 respectively. At the end of 12 months they have made a 
gross profit of £1380, but the expenses of their concern have been 7i per 
cent, on its capital, find how much each of them would have lost if, 
instead of entering into business, he had invested his money in the 
3 per cents, at 90. 

12. A railway train has a journey of 65 n^iles to perform, and 
ought to perform it in 3 hours ; if its starting be delayed by a quarter 
of an hour, how many miles per hour must it increase its speed so 
as to arrive at the proper time ? 



October, 1858, (B). 

1* Express in figures two hundred and ninety-two millions one 
hundred and eighty-three thousand eight hundred and thirty-two. 
Explain the principle upon which you have proceeded. 

2. If the mean diameter of the planet Venus be 497376000 inches 
in length, express its length in feet, yards, poles, furlongs, and miles. 

3. Reduce S^d. to the fraction of a florin; and find the value of 
•05 of 38. „ ^d. 

4. Add f to i\. Square the result, and subtract it from 3. 

5. Add together the following: '132, *0132 and 1*32, and divide 
the result by -04. 
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6. Express 2s. „ Sd. as a decimal of £1. 

If a thaler be worth 2$. „ lid,, how many thalers and decimal parts 
of a thaler are worth £l ,, 1«. „ 7<f. ? 

7. Multiply together 83-7 and -0088 and divide th« product by 
I of -00616. 

8. If 500 men can excavate a basin 800 yards long, 500 yards wide, 
and 40 yards deep in 4 months, how many men will be required to 
excavate a basin 1000 yards long, 400 yards wide, and 50 yards deep 
in 5 months ? 

9. A room is 24 feet long, and 18 feet wide, what must be its 
height in order that the area of the floor and ceiling together may 
be equal to the area of the walls P 

10. Find the discount on £123 due 6 months hence at 5 per cent, 
per annum. 

11. A, B, C, enter into business together and embark £4000, £5000, 
and £6000 respectively; at the end of 12 months they have made a 
gross profit of £1200, but the expenses of this concern have b6en 
4 per cent, upon the capital, find how much each of them would have 
lost if, instead of entering into business, he had inyested his money 
in the three per cents, at 90. 

12. A railway train has a journey of 54 miles to perform, and ought 
to leave the station at 12 and reach the terminus at 2.30: if its starting 
be delayed until 12. 15, what must be its increase of speed in order that 
it may reach the terminus at the 'right time ? 



First Division A, 1859. 

1. JVhat number subtracted from 670194 will leave 3825 P 
The product of two numbers is 36865365; one of them is 365. 
What is the other? 



670194 
3835 


365} 36865365 (101001 
365 


6^369 


365 
365 




365 
365 
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2. Sow many hrMs ar$ thers in a toaU tohieh w 120 bricks hng, 
16 hrickt highf and 2 hrieka thick t 

120 X 16 X 2 = 120 X 30 » 3600. 

3. Mnd th0 cost of 250 lbs. of tea at S$. ,, llitL per Jb. If 10 Jh$. he 
spoiled^ what wHl the merchant gain by selling the remainder at 4s. „ 6J. 
per lb. t 

Zs. „ Hid. is less than is. by id.^ 

whence the cost of 250 lbs. is the cost at is. minus the cost at Id. 

id. 



deduct 



A 


250 
4 


20 


1000 
10 „ 6 


) 989 „ 7 



49„9„7 
also by selling 240 lbs. at is. „ 6d, he obtains 



6 



240 

4 



960 
120 



therefore 54 „ „ 
49„ 9„7 

4 „ 10 „ 6 gain 



2, 0) 108,0 
54 



4. Six dollars, four florins, and four half<roums amount to £2 „ Zs. 
IVhat is the vahte of a dollar t 

4 florins » Ss. and 4 half-crowns = 10s., 
£2 „ 35. - IBs. » £1 „ 6s. » 6dollars; 



therefore 



25 
one dollar ° -^ '^^ 4J«. e 4«. „ 2d. 



6. If 24 fiMft can reap 76 acres in 6 days^ how many ffM» can reap 

114 acres in days f 

men 
24x6:a;x9:: 76:114, 

jrx9x76B24x6x 114, 
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24 X 6 X 114 
* ~ 9 X 76 












24 X 3 X 38 












3x 38 












= 24 men. 


6. 


Add 


together 


6i, 


23J, 


464, and 6-375. 

6125 
23-5 
464- 
6-375 



500-000 
Beduce the foUowiDg fractions to their lowest terms : 



Reduce 



i-r i-i 






-* * 
If 






■1^4)4' 


<^) 




= 2^4 






1 
"2' 






1-* 


<r. 


-•^' 


8}+lJ + g 


il 


4 


(f)' 




r. * .(\. 


BV 





= 1. 
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7. MuUiply Z9'S9 by 1'SIB. 

Divide 66*6691 hy 1-813 and 230 by -016. 



39-39 

7-878 




31612 
2 7673 
31612 
276 73 




310*31442 Am. 


1-813) 66-6691 (30-7 Ana. 
64 39 


•016) 230-000 (14376 Am. 
16 


12691 
12691 


70 
64 




60 
48 




120 
112 




80 
80 



8. What fraction of 10$. is i$. „ 6d. t deduce the reauU to a decimal, 
%,e, bring 4«. ,, 6d^ to a fraction of lOs., 

10 lO^^"*" 

2 0) 900 

*46 Am. 



9. Extract the square root 0^46090621 and o/ 136966*6081. 

46090621 (6780 Am. 136966-6081 (37009 Am. 

36 9 



127)1009 67) 469 

889 469 



1348) 12006 74009) 666081 

10784 666081 

13660) 122121 

122121 
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10. A hoofs erew row down from BearMs hoathoMM to ih% hck$ 
at BaiUliU in half an Koutf and they row hack in three quarters of an 
hour. If they are 1\ hours rowing to Ely and hack, how long were they 
going down f 

Their time of going down is to their time of coming up, as 2 : 3. 

Therefore if we divide 7} hours into two parts, which are to each 
other in the ratio of 2 : 3, we shall solve the question. 

Therefore the time of going down was 

ioni 



or thus 





2 


15 
2 






B 3 hours, 




i 




: X : 7i, 




6 
4 


1 15 




( 


1 15 4 


3 hours» 



11. A woman huys a certain number of apples for 3 a penny and the 
same nuniber at 2 a penny. How much does she gain or lose per cent, 
hy selling them all at 5 for twopence f 

For one apple of each kind she gave respectively \ and } of a penny ; 

therefore for every 2 apples she gave i + i » f <f., 

and for every two apples she got 2 x ) *> ^ • 

^, . 5 4 26-24 1 , , 
therefore ^^ T -^ g^herloss. 

Now if an outlay of }d brings a loss of i^^d.^ what is that per cent P 

g:-::100:x 

6 100 
6*" 30 • 

10 6 

d;e ~ X r 
3 5 

B 4, her loss per cent. 

Or, we might have said, what fraction is s\ of $ P 

8^ X t = /« ; therefore she lost ^^ of her outlay. 

But g^« of 100 is 4; therefore she lost 4 per cent. 
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12. A person hat a number of orange* to dupose of: he eeUe half of 
what he has and one more to one person, half of the remainder and one 
more to a second person, half of the remainder and one more to a third 
person, and ha(f of the remainder and one more to a fourth person ; by 
which time he has disposed of all he had. Sow many had he at first f 

Let X - Bumber of oranges he had at first. 

If to ihiefint he had sold half, he would haye had ~ remaining. 

X X aE — 2 

But he had less than = by 1, ue. had -- 1, or — jr— remaining. 

2 2 2 

X -2 
If to the second he had sold half, he would have had — -— remaining. 

4 

X " 2 X — S 

But he had — -j 1 left, i,e, he had —z — remaining. 

« - 6 
If to the third he had sold ha^, he would have had —^— remaining. 

o 

But he had — 1 left, t.^. had — - — remaining. 

If to the^i^A he had then sold half, he would have had " remaining. 

But he had — r^ 1 left, i,e. had — r^— remaining. 

Id lb 

Now -Te""^' 

« - 30 = 0, 
2c=30. 

13. Explain the meaning of the terms interest and discount ; pointing 
out the difference between them. 

What is the discount upon £399 „ Is. „ Qd. due 13 months hence, 
interest being at 6 per cent. 
Cf. §99. 

gof5«6A; 

diBcount. 

therefore 105 A : 399A : : 6fi, : x, 

1265 15963 65 

Tr^*""40"''l2' 

13 
15963 ^ Vi 

X::rX 



8 
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15963 
13 

47889 
15963 

10120) 207519 (20 
20240 

5119 
20 



102380 (10 
10120 



1180 
12 

14160 (1 
10120 

4040 
4_ 

16160 (1 
10120 

therefore £20 „ lOff. „ 11 JJ. Ans. 

14. In what time will £158 „ 6«. „ 8J. amount to £176 „ 14«. „ %d. 

at 3 per cent, simple interest f 

£. s, d, 
176 „ 14 „ 8 
158,, 6„8 

18 „ 8 „ interest gained 
years, 
therefore 168J x a? : 100 x 1 : : 18f : 3, 

96 ^ 

^x:rx^ = Wx^. 

368 
« = -g^ = 3|f years. 

15. A person invests £4095 in the 3 per cents, at 91 ; he sells out 

£3000 stock when they have risen to 93^ and the remainder when they 

have fallen to 85. How much does Tie gain or lose by the transaction f 

If he incest the produce in the ^\per cent, stock at 102, what is the 

difference in his income f 

stock. 
91 ; 4095 : : 100 : ar, 

45 

. = !i^^. 4500 stock 
^^ 3 

135,00 income 

00 
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He sells 3000 stoek at 93 J ; therefore he receiYes 

30 X 93}, 
or 15 X 187, 

or 2805 cash. 

He then sells 1500 at 85; therefore he receives 

16 X 86, 

or 1275 cash ; 

£. 
therefore 2806 

1275 

4080 cash realized 
but 4095 cash invested 

therefore 15 loss 

Next he invests 4080 in the 4} per cents. 

102 : 4080 : : 4} : j;, 
2040 3 



ar = 



therefore 



m 

34 


! SI 


1020 X 
17 

3060 
17 • 

= 180 ; 


3 




£. 
180 
135 


..0 
..0 





45 „ increase in income. 



First Division B, 1869. 

1. What number subtracted from 850967 will leave 3946? 
The 365th part of a number is 101001, what is the number? 

2. How many yards of cloth are there in 27 bales, each containing 
15 pieces, and each piece 15 yards ? 

3. Find the cost of 20 dozen at As, „ lljcf. per bottle, and if 3 bottles 
are spoiled, what will the merchant gain by selling the remainder at 
5s. „ 4d per bottle ? 

4. Four thklers, six half-crowns, and eight florins amount to £2. 
What is the value of a thaler ? 



EZAIOKATION PAPERS. 383 

6. If 16 men can reap 76 acres in 4 days, how many men will reap 
1 14 acres in 6 days ? 

6. Add together 3f, 17}, 476, and 3-125. 
Keduce the following fractions : 

1 + i, 1 + A 



24 

4 



(HI)" 



7. Multiply 237-07 by 4'667. 

Divide 140-02664 by 1-871 and 406-8 by •018. 

8. What fraction of 6«. is 1$. „ 4Jd. P 
Keduce the result to a decimal. 

9. Extract the square root of 10004669 and of 240168*6049. 

10. An ordinary train on the Eastern Counties Railway is 1 hour „ 
67 minutes in trayelling between Wymondham and Ely, and the express 
trains take 54 minutes less. If an express train leave Cambridge at 
9 a.m. and arrive in London just as an ordinary train is leaving, which 
arrives in Cambridge at 2 p.m., find how long the express is in going 
to London? 

11. A woman buys a certain number of eggs at 21 a shilling and the 
same number at 19 a shilling ; she mixes them together and sells them at 
20 a shilling ; how much does she gain or lose per cent, by the transaction? 

12. A man has a certain number of apples : he sells half the number 
and one more to one person, half the remainder and one more to a 
second person, half the remainder and one more to a third person, and 
half the remainder and one more to a fourth person, by which time he 
has disposed of all that he had. How many had he ? 

13. Explain the meaning of the terms interest and discount, point- 
ing out the difference between them. Find the present worth of 
£396 „ 10«. „ Sd, due 11 months hence at 4 per cent 

14. In what time will £229 „ 10«. amount to £268 „ 3«. „ dd. at 
6 per cent per annum at simple interest ? 

16. A person invests £6826 in the 3 per cents, at 91 ; he sells out 
£6000 stock when they have risen to 93|, and the remainder when they 
have fallen to 86. How much does he gain or lose by the transaction? 
If he invests the produce in 4| per cent stock at par, what is the 
difference in his income ? 
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Second Divinon A, 1859. 

1. Find the sum, difference, and product of 12345678 and 28814412. 
The last may be found by only 3 lines of multiplication. 

2. Thirty years ago a man was 3 times as old as his son, whose 
present age is 45. How old is the father P 

3. When will a number divide by 8, 9, or 11 ? 
Beduce f i^ljj to its simplest form. 

4. A nimiber may be divided by 25 by multiplying it by 4, and 
marking off the last two digits in the result as decimals. 

Explain the reason for this ; and divide 5335 by 25. 

5. Add together ^^ ^ ^'^^ and ^'^^^ . 

^ Hi + 12f 12H + 2i 

6. Reduce of a ton to cwt. qrs. lbs. &c. 

7. A man has £3000 in hand, having lost a quarter of his property in 
speculation, and purchased a partnership in business with three quarters 
of the remainder. What was he worth at first ? 

8. Find the value of 157 tons at 

(1) £7 „ 7$. (2) £2 „ 16«. „ 8d. (3) £4 „ 11«. „ Sd. per ton. 

Each result may be obtained by Practice, by making use of one aliquot 
part only. 

9. Extract the square root of 9030025, of '0144, and of •!. 

10. Define simple and compoimd interest. Find simple interest on 
£1127 „ 18«. „ 4i. for 1| years, at 3 per cent, per annum? 

11. Which is the better iuterest, 5 per cent, payable quarterly, or 
6} per cent, payable yearly ? 

12. What is discount? 

A bill due 3 months hence is discounted at 4 per cent, and its present 
value is £1225. What is the amount of the bill ? 

13. An estate is bought at 20 years purchase for £20,000, three 
quarters of the purchase*money remaining on mortgage at 4 per cent. 
The cost of repairs averages £150 per annum. What interest does the 
purchaser make of his investment ? 

14. A baker's outlay for flour is 70 per cent, of his gross receipts, 
and other trade expences are 20 per cent. : the price of flour rises 50 per 
cent., and trade expences are thereby increased 25 per cent. What 
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advance must he make in the price of a fivepenny loaf, that he may still 
realise the same amount of profit from it ? 

15. Two houses are huilt : the first is twice as long in building as the 
second: half as many men again are employed in building the first; 
their wages per hour are one-third higher, and they work 10 hours 
a day and 6 days a week, whilst the others work only 8 hours a day and 
5 days a week ; the cost of the second in workmen's wages was £1000. 
What was that of the first P 



Second Division B, 1859. 



1. Find the sum, difierence, and product of 1234567 and 4321089. 
The last may be found by means of only three lines of multiplication. 

2. A man is 75 years of age, and 25 years ago he was twice as old 
as his son ; what is his son's present age ? 

3. When will a number divide by 3, 11, or 12 ? 
Keduce ff §f ff to its simplest form. 

4. A number may be multiplied by 125, by placing 3 ciphers at its 
right hand, and then dividing by 8. Explain the reason for this, and 
multiply 8142 by 125. 

5. Subtract ^* */^ from -| — —-, and find the continued pro- 

3ii-Us\ 8f + 3||' ^ 

duct of 16}, 1, 16f, 3* , and A. 

7^ 

20 

6. Keduce —— — of £50 to pounds, shillings, &c. 

25 

7. A man invests half of his fortune in land, a fifth in the funds, 
a sixth in exchequer bills, and loses the remainder, which is £2000, in 
speculation. What was his fortune at first? 

8. Find the value of 158 cwt. at 

(1) £8 „ 8». (2) £1 „ 18». „ id. (3) £4 „ 1$. „ 6d. per cwt. 

Each result may be obtained by Practice by making use of one aliquot 
part only. 

9. Extract the square root of 4020025, of -000009, and of '9. 

10. Define simple and compound interest. 

Which is the better stock for investment, 3} per cents, at 92f or 
3} per cents, at par? 
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11. Find the compound interest on £16000 for 2 years at 6 per cent., 
interest being payable half-yearly. 

12. What is discount ? • 

Find the present worth of a bill for £631 „ 5«. which has four months 
to run, and is discounted at 3 per cent. 

13. An estate is bought at 25 years purchase for £15000, two-thirds 
of the purchase money remaining on mortgage at 3 per cent. The cost 
of repairs averages £100 per annum. What interest does the purchaser 
make on his investment ? 

14. A baker's outlay for flour is 70 per cent, of his gross receipts, 
and other trade expenses 20 per cent. The price of flour falls 50 per 
cent., and other trade expenses are thereby reduced 25 per cent. 
What reduction should he make in the price of a fivepenny loaf, allow- 
ing him still to realise the same amount of profit from it ? 

15. Two ships are built. Twice as many ship-carpenters are em- 
ployed about the first as about the second. The first is built in 
9 months, the second in 8 months. The wages of each man of the 
first set are Id, per hour, and they work 12 hours a-day. The 
wages of each of the second set are 6<7. per hour, and they work 
10} hours a-day. The cost of the first ship in carpenters' wages was 
£6000. What was that of the second.^ 



October, 1859^ {A). 

1. Find the sum, difference, and product of 25435 and 34256. 

2. The digits in the units and millions places of a number are 4 and 
6 respectively. What will be the digits in the same places, when 
999999 is added to the number ? 

3. If the excise duty on hops be 2d. per lb., and the whole duty 
average £234,000 per annum; what is the average growth in this 
country ? 

4. What is the freight on 480 bales of cotton weighing 4 cwt. „ 4 lbs. 
each, at id, per lb., and 5 per cent, additional. 

5. Define interest and discounti and find the interest on £5325 for 
4 months at 4| per cent, per annum. 

6. What is the discount on £479 „ Ids. for 3 months, at 4 per cent, 
per annum P 

7. Reduce f of f of a £, to a decimal of } of ( of £30. 



EXAMINATION PAPERS. 287 

8. When \yill a number divide by 3 or 8 ? Simplify f f^. 

12 

9. Find the value of —-- of £2. 

^u 

10. £935 is invested in the 3 per cents, at 93}. What income is 
derived from the investment? 

11. A steamer makes a voyage in 72 days, sailing on the average 
9 knots per hour. How long will another be in making the same 
voyage, whose average rate of sailing is 8 knots per hour ? 

12. What is the value of 147 bullocks; one-third of them being 
sold at £18 „ 14«. „ 6<^.; one-third at £20; and the remainder at 
£21 „ 58. „ Qd. each ? 

13. Find the continual product of '01, '001, and I'Ol. 

14. Divide £325 amongst 4 persons in the proportion of 1, 2, 4, 6. 

15. The pattern of a carpet is a yard long, and its width 2 feet „ 
3 inches. How much must be bought to cover a room 20} feet square ? 

16. According to the Carlisle tables, the probable duration of the 
lives of persons of the ages of 10, 30, 60, 70, and 90 respectively, will be 
48-82, 36-34, 21-11, 9-18, and 3*28 years respectively. If the premium 
for the whole life insured at the age of 10, be £1 „ 12«. per cent., con- 
struct a table of corresponding premiums for the other given ages. 



October, 1859, {B). 

1. Find the sum, difference, and product of 34892 and 23795. 

2. The digits in the units and millions places of a number are 3 and 
5 respectively ; what will be the digits in the same places, when 999999 
is subtracted from the number ? 

3. The excise duty on hops is 2d, per lb. ; and the betting is, that 
the whole duty this year will amount to £288,000. What is the 
estimated crop? 

4. What is the freight on 480 bales of cotton, weighing 4 cwt „ 2 lbs, 
each, at f(f. per lb., and 5 per cent, additional? 

5. Distinguish between interest and discount : and find the interest 
on £4575 for 8 months at 3} per cent. 

6. Find the discount on £328 „ 15«. for 4 months, at 3 per cent, 
per annum. 

7. Beduce f of f of a mile to the decimal of f of | of 8 miles. 
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8. When will a number divide by 4 or 9 ? Simplify f J|$. 

14 

9. Find the value of -^ of 2 cwt 

o 

10. £975 is invested at 97^ in the 3} per cents. What income is 
derived from this investment P 

11. A steamer, whose average rate of sailing is 8 knots an hour, 
makes a voyage in 56 days. How long will another steamer be in 
making the same voyage, whose average rate is 7 knots an hour ? 

12. What is the cost of 153 sheep, one-third being sold at 38«. „ 6J., 
one-third at 40«., and the remainder at 41«. „ Qd, each P 

13. Find the continued product of 'I, * 101, and '001. 

14. Divide £650 amongst 4 persons, in the proportion of 1, 3, 4, 5. 

15. The pattern of a carpet is 2 feet „ 3 inches long, and its width is 
one yard. How much must be bought to cover a room 15 feet square ? 

16. According to the Carlisle table, of 10000 persons who attain 
the age of 20, 30, 40, 50, 60, 70 years respectively, 71, 101, 130, 134, 
335, 516 respectively die the following year. If the premium for a 
single year for a life insured at the age of 20 be £1 „ 6«. per cent., 
construct a table of corresponding premiums for the other given ages. 



IHrgt Division A, 1860. 

1 . Expktii ihe common system of notation and point out its advantages. 
From 527 take 398, explaining the reasons for the process, 

Cf. §11, and §19. 

2. Define a vulgar fraction^ and shew that a fraction is not altered 
in value, if the numerator and denominator he multiplied hy the same 
number. In what operations on fractions is this change necessary f 

Cf. § 44, and § 48. 

A has twice as much money as B. They play together for a certain 
stake. At the end of the first game B wins from A one-third of A^s 
money. What fraction of the sum B now has must A win back in the 
second game, that they may have exactly equal sums f 

A has 2, while B has 1, 

A loses I of 2, J? wins \ of 2, 

ul has 2 - f , ^ has 1 + |, 

A has f , B had f . 
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Now take | from f, and there would be f left; i.e. take away i from 
^8 money, and there would be left the same sum that A has. But i is 
one-fifth of |, so that by taking from B one-fifth of his money, he would 
have the same sum that A has. 

If now one-half of that one-fifth, or one-tenth of ^s money, be given 
to each, they would then have exactly equal sums. 

Therefore one-tenth is the fractional part required. 

3. Define a decimal fraction, and taking *4568 as an example, ehow 
from your definition that -4668 = iVo"o« Cf. § 65. 

2^ 3^ 

Express as decimals rp^ and — rg, and the sum, and the product of 

these qttantities. 

^ = -00000032, 



10» 100000000 
3* 81 



10* 100000 



00081. 



Therefore the sum of these quantities is *00081032, and the product 
•0000000002592. 

4. . Express f of lis. „ 6d. + '125 of 16». - •527 of ISs. „ 9d. as a 
decimal fraction of £5. 

g X lis. „ 6<^ = 5 X {2s. „ 2}rf.) = 10*. „ Hid., 
•125 X 16». = 2-000 = 2s., 

. . 522 261 
900 "495' 

and gi of 165rf. = H|i = Sid. = 7s. „ 3d; 

therefore 10». „ 11 Id. + 2s. - Is. „ Sd. = 6s. „ 8}rf. 



_4 
12 



100 



1' 
8-25 



5-6875 



•056875 Ans. 



2} 



5. Divide 1028*5 by -0000017, and -| by -0006 ; and multiply the 

difference of the quotients by -00025. 

PP 
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•0000017) 1028-5 (605000000 
102 

85 
85 



13 ±_i 
5 "" 13 5* 



•0006 = 



6 1 



9000 "" 1500 • 



therefore |x 1^ = 1200. 

Now the difference between the two quotients 605000000 and 1200 is 

604998800; and the product is 151249*7. 

6. A farmer rents a farm of 800 acres on the foUowing terms : he 

pays a fixed rent of 5s, per acre, and a com rent of 200 qitarters of wheat, 

150 quarters of barley, and 120 quarters of oats. The price of wheat, 

barley, and oats being respectively 49«. „ 6d,, 30s. „ Sd,, and 19s, „ 2d, 

per quarter, fM his rent per acre. 

99 
200 X 49}». « 200 X — = 9900, 

go 

150 X 30f«. » 150 X ^ « 4600, 

o 

120 X 19J». = 120 X il5 = 2300, 

6 



total 16800 
now -^^ = 21 shiUings, 

add the fixed rent of 5 shillings, and the rent per acre is 26ff. 

7. A and B contract to execute a certain order for £1245. A em- 
ploys 100 children for 3 months, 80 women fbr 2 months, and 40 men 
for 1 month ; B employs 120 children for 2 months, 60 women for 
1\ months, and 80 men for 2 J months. If the work done in the same 
time by a child, a woman, and a man be in the ratio qf 1 :2:S, find 
the sum of money which A and B must each receive. 

80 women do the work of 160 children, 

.40 men 120 , 
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80 that A altogether employs irhat is equivalent to the labour of 
100 children for 3 months, or 300 children for 1 month; and of 160 
children for 2 months, or 320 children for 1 month; and of 120 children 
for 1 month ; total 740 children for one month. 

Also 60 women do the work of 120 children, 

80 men 240 , 

80 that 3 employs what is equivalent to the labour of 120 children 
for 2 months, or 240 children for 1 month; and of 120 children for 
1^ months, or 180 children for 1 month; and of 240 children for 
2} months, or 600 children for 1 month: total 1020 children for One 
month. 

The money must consequently be divided between A and JS in the 
ratio of 

740 : 1020, or 87 : 61 ; 

therefore A's share is i| of £1246, or £523 „ 9ff. „ Sf^d. 

£*B share is H of £1245, or £721 „ 10«. „ 8 fid. 

8. A man aUaws to his agent 5 per cent, on hie gross income for (he 
expense of collecting his rents. He spends ^th of his net income in 
assuring his Ufe, and this part of his income is in consequence exempt 
from income-tax. The income-tax being lOd. in the pound, and his 
income-tax amounting to £38 „ 19s. ; Jind his gross income. 

He allows his agent 5 per cent, .on g^th of his income, and has 
i% as his net income. Now as | of this net income is ziot taxed, only 
f of i%t or f^ of his gross income is taxed, and this at lOdL in tbe 
pound pays £38 „ 19«. ; therefore 

1 779 

24^"' 20' 

*.?I2x24 
20 

779x6 



779x6. 67 .,. 
t.«. — = — IS =Tr of nit gross meome. 
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XT v. • ^ "^^ 779x6 

Hence his gross income « t= x — r — 

14 X 779 X 2 
19 

« 28 X 41 

- 1148. 

9. A young lady denre$ to paper her room with pottage stamps, hui 
being herself unable to calculate the number which will be required, she 
supplies the following data : her room is l^ft. „ 9 in. long, 9fi. „ 3 m. 
broad, and 10 ft. „ 6 in, high ; it contains two windows, each 5ift. by 
ift, and 3 doors, each 6ft. by Zft. ; a postage stamp is {iin. long, and 
i in, broad. Make the calculation for her. 

N.B. To find the area of the 4 walls of a room, add length to 

breadth, multiply by the height, and double the result, (cf. p. 216.) 

Hence 

14 „ 9 
9„3 



24 „0 
10 „ 6 



240 „ 
12 » „ 

262„0„0 
2 

604 square feet in 4 walls. 
2 X -^ X 4 e 44, area of 2 windows, 

3 X 6 X 3 B 64, area of 8 doors; 
therefore 604 - 94 » 410 square feet to be papered, 

410~x 144 square inches to be papered. 

in ^ 
But r^ X -r is the fraction of a square inch coYered by each stamp ; 

lis ^ 
therefore -- x 7 x « « 410 x 144 

lo 4 

16 4 
«" 410 X 144 X — X - 

10 o 

= 83968. 
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10. ITie area of the coalfield of South Wales is 1000 square miles, 
and the average thickness of the coal is 60 feet. If a cubic yard cf coal 
weigh 1 ton, and the annual consumption of coal in Great Britain he 
70,000,000 tons ; find the number of years for which this coal field alone 
would supply Great Britain with coal at the present rate of consumption. 

If the coal annually consumed in this country were piled up into a 
pyramid having for base the great court of lenity College, the dimensions 
of which are 110 6y 90 yards ; find the height of the pyramid, 

N.B. The volume of a pyramid is equal to the area of the base 
multiplied into one-third of the height. 

Each square mile contains 1760 x 1760 square yards; and 60 feet a 
20 yards ; therefore the content of coal field is 

1000 X 1760 X 1760 x 20 cubic yards, 

and this weighs 1000 x 1760 x 1760 x 20 tons. 

Hence number of years 

_ 1000 X 1760 X 1760 x 20 
70000000 

176 X 176 X 2 

S3 

70 
B 8853^0 years. 
Also volume of required pyramid 

e - X height X 110 x 90 
o 

« height X 110x30; 

.1. i. V . u. 70000000 , 

therefore height = ^^^ ^ ^ yards 

700000 
33 

a 212128^^ yards 

a 12 miles „ 92^^ yards. 

11. Define discount and present worth. 

Find ^ present worth of abiU of £283 „ 10«. due 4^ months hence 
atZpercent, 

Distinguish between the mathematical and the mercantile discount, and 
find their difference in the above example. 
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For definition ct § 99. 

9 1 o 9 

101i:283}::100:^n«., 

809 . 567 .^ 

-^ X Am. = -^ X 100, 

Q 

An». = 567 X 50 X —;: 

809 

^ 226800 
8U9 

«£280„6«. „ll/o*8d^. 

Now in the above example the mathematical discount is £283 „ lOff. 
m%nu9 £280 „ 6«. ,, \\^^^d.\ that is, is £3 „ 3«. „ O^^d. 

The mercantile discount (Cf. § 102} is the simple interest on £283 »i lOi. 
for 4} months at 3 per cent. ; that is, is £3 „ 3«. „ ^i^d. 

£. «. d. 

Hence 3 „ 3 „ 9,^0 

3„3„0i5f 



8AV80 difference. 

12. ^ man invests £4297 „ 10«. %n the 3 per cents, at 95 1. JSe seUs 
out one-third of his stock when the funds have fallen to 94, £1600 stock 
when they have risen to 96}, and the remainder at par. What sum 
does he gain f 

If he invests the proceeds in the French 3 per cents, at 67*50, what is 
the difference in his income f 

96} : 4297} : : 100 : x, 

191 8595 ,^ . 

-g- X « = -y- X 100, 

8595 ,^ 2 
^ = _«xlOOx — 

« 4500 stock. 

And as he held this stock in the 3 per eents*» the income he obtained 
was £135. 

Now one-third of this, or 1500 is sold out at 94, 160O at 96}, 1400 
«t 100. 
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Therefore he receives 

15 X 94 + 16 X 96i + 1400, 
or 1410 + 1540 + 1400, or 4350 cash. 

Therefore the sum he gains is £52 „ 10«. 

By investing in the French 3 per cents., we have 

67*5 : 4850 : : 3 : Ans. 

43500 X 3 
^^•- = —676- 

580 
3 

= £193„6». „8rf.; 
therefore £193 „ 6«. „ Sd, - 135 = £58 „ 68. ,, Sd. the gain in his income. 



First Division B, 1860. 

1. Explain the common system of notation and point out its advant- 
ages. From 613 take 49 explaining the reasons for the process. 

2. Define a vulgar fraction, and shew that a fraction is not altered in 
value if the numerator and denominator he multiplied by the same 
quantity. 

In what operations on fractions is this change necessary? A has 
three times, as much money as JB, They play together for a stake, and at 
the end of the 1st game B wins from A fths of A*a money. What 
fraction of the sum B now has must A win back in the second game^ 
that they may have exactly equal sums ? 

3. Define a decimal fraction, and taking *7256 as an example, shew 

jfrom your definition that -7256 = ^^^^%. 

2* 3* 

Express as decimals — and rr^, and the sum, and the product of 

these quantities. 

4. Express f of 7«. „ 6d. + '625 of 10s, - *545 of 9s. „ 2d. as a 

decimal fraction of £10. 

2^ 

5. Divide 9-614 by -0000019, and -? by -0003 and multiply the sum 

of the quotients by *0005. 

6. A farmer rents a farm of 800 acres on the following terms. He 
pays a fixed rent of 4«. „ 6d. per acre, and a corn reut of 250 quarters of 
wheat, 150 quarters of barley, and 100 quarters of oats. The price of 
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wheat, barley, and oats being respectively 45ff., 29«. „ 4 J. and Ids. „ 6d. 
per quarter; find his rent per acre. 

7. A and B rent a field for £60. A puts in 10 horses for 1^ months, 
30 oxen for 2 months and 100 sheep for 3} months ; B puts in 20 horses 
for 1 month, 40 oxen for 1| months and 200 sheep for 4 months. If the 
food consumed in the same time by a horse, an ox, and a sheep be 
in the ratio 3:2:1; find the portion of the rent of the field which 
each must pay. 

8. A man allows to his agent 5 per cent, on his gross income for the 
expense of collecting his rents. He spends |th of his net income in 
assuring his own life, and this portion of his income is in consequence 
exempt from income tax. The income tax being lOd, in the pound and 
his income tax amounting to £39 „ IBs, ; find his gross income. 

9. The daily issue of the Times is 60,000 copies. Three days of the 
week it consists of 3 sheets, and for the remaining three of 4 sheets. If 
a sheet be 3 ft. long and 2 ft. broad ; find the number of acres, which the 
weekly issue of the Times would cover. 

10. The area of the Yorkshire coal field is 937| square miles, and the 
average thickness of the coal is 70 feet. If a cubic yard of coal weigh 
1 ton, and the annual consumption of coal in Great Britain be 70,000,000 
tons ; find the number of years for which this coal field alone would 
supply Great Britain with coal, at the present rate of consumption. 

If the coal annually consumed in this country, were piled up into a 
rectangular stack having for base the great court of Trinity College, the 
dimensions of which are 110 yards by 90 yards; find the height of 
the stack. 

11. Define discount and present worth. 

A Jew discounts a bill of £180 drawn at 4 months, at 60 per cent 
per annum, and insists on giving in part payment 5 dozen of wine which 
he charges at 4 guineas a dozen, and a picture which he charges at £19, 
How much ready money does he pay P If the cost to the Jew of the 
wine and the picture be only Jth of the sum he has charged for them» 
what is the real interest the Jew has been charging ? 

12. A man invests £7620 in the 3 per cents, at 95^. He sells out 
Jth of his stock, when the funds have fallen to 93| ; £3600 stock when 
they have risen to 96, and the remainder at par. What sum does he gain P 

If he invest the proceeds in the Russian 4 J per cents, at 97 ; what is 
the difference in his income P 
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Second Division A, 1860. 

1. Find the stun, difference, product and quotient of 9765626 and 
78125. 

2. To 479 add IfJ}, and repeat the addition six times. 

3. Find the sum, difference, product and two quotients of 10*01 
and '0091. 

4. There are three quantities, (i) £5, (ii) 8«. (iii) 75 gallons. 
Midtiply one of these by the quotient of the other two. 

State accurately the result of the operation, and perform it in as many' 
different ways as possible. 

5. Explain the statement of a question by " the rule of three." In 
how many different orders may the three terms be placed P And give a 
reason for preferring one order to another. 

What is the value of 95 tons „ 17 cwt. of coals at £1 „ los. per load- 
of 12 tons? 

6. Upon what principle does the method of " practice" depend?. 
Find the value of 

(i) 44 things at £23 for every 40, 
(ii) 23 things at £16 „ lOs. for every 11, 

adopting the method of " rule of three," or ** practice," whichever is the 
more convenient, in each example. 

7. The solution of questions in " practice" may often be simplified 
by taking proportional parts of the multiplied instead of the original 
quantity ; or by subtracting proportional parts instead of adding them. 
The vdues of the following may thus be found, by the aid of one 
proportional part only. 

(i) 26 things at £11 „ 19t. 
(ii) 59 things at £5 „ 12«. „ 6d. 
(iii) 78 things at £6 „ 8«. „ 4i. 

8. Define "discount." 

What is the discount on £328 „ I'Ss. „ 5d. due 3 months hence at 4' 
per cent, per annum ? 

9. Any sum of money may be expressed in pounds, twelfths of a 
pound, and a proper fraction of a twelfth; and five per cent, on the 
same may be immediately obtained by considering the pounds as 
shillings, the twelfths as pence, and the fraction of a twelfth as the 
same fraction of a penny. 
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(i) Explain the reason of this; and 
(ii) Hence find 5 per cent on £621 „ ISs. „ 8dL 
(iii) Deduce 4} per cent, on the same amount 

10. Which is the better investment, bank stock paying 10 per cent 
at 310, or 3 per cent, consols at 06 P 

11« An Ameriean dollar at par of exchange is worth 4«; 6d, of our 
money. What is the yalue of 642 dollars when the exchange is 7 per 
eent in favour of England P 

12. A room is 60 feet long, by 20 feet wide; how many people can 
be seated in it on chairs 1} feet wide, and placed two feet apart from 
back to back ; allowing a clear passage 3 feet wide down the middle of 
the room, and a space 15 feet deep at one end P 

18. The paper duty was lid. per lb., and the weight of a certain 
book 1} lbs. The paper manufacturer realised 10 per cent, on his sale, 
and the publisher 20 per cent, on his outlay. What reduction might be 
made in the price of the book on the abolition of the paper duty, allow- 
ing to each tradesman the same rate of profit as before P 



October, 1860, {A). 

h Find the sumi difference, product, and quotient of 1658125 and 
18S25. 

2. Find the square, and square root of '007560, 
> There are three quantities! (1) 4 miles, (2) 4 furlongs, (8) £2. 
Multiply one of these by the quotient of the other two ; state accurately 
the result of the operation, and perform it in as many different ways as 
poifible. 

IIJ* 



6 



4. Multiply 00^ by 824 ( and find the value of / of a week 

in days, hours, &c. 

5. Find the yalue of -51875 of a £,; and *10h4285 of a cwt. 

6. State the tests of diyisibility of numbers by 4, 0, and 11; and 
apply them to the number 71016. 

7. What is the value of a cargo of tallow, weighing 515 tons at 
Qlf. „8dperowtP 

8. Five per cent on a given sum amounts to £26 „ 18s. „ 44. Find 
4| and 4^ per cent on the same sum, 

0. Define interest and discount What is the discount on £420 „ 5s« 
due 3 months hence at 4 per cent per annum P 
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10. Two bills for £456 „ 68. and £274 „ 2$. „ 6d. are due on the 1st 
and 30th June respectively. What is their value on the 20th Jane, 
interest being reckoned at the rate of 5 per cent, per annum P 

11. Divide £3920 amongst 4 persons in the proportions of 2, 4, 6, 8. 

12. A speculator sells at a profit of 50 per cent.; but his purchaser 
fails, and only pays 10«. in the £. How much per cent does the 
speculator gain or lose by his venture ? 

13. A and B run a race. A starts at the rate of 400 ynrds a minute, 
but in every successive minute increases his pace by a yard a minute : 
B diminishes his pace by the samci and is overtaken by .d in 4 minutes. 
What was B^B pace at starting P 



First Dimton A, 1861. 

1. Add 375 and 493 ; and explain the process. 
Cf. § 15. 

2. Emphy short division in dividing 663072 by 5760. Write down 
the remainder^ and compare the process by which 663072 grains may be 
reduced to lbs,, oz,, and dwts, Troy, 

Since 24 grs. make 1 dwt., 20 dwts., 1 oz., 12 oz. 1 lb., and since 

24 X 20oc 12 » 5760, 

by dividing by these faotors we shall be able to obtain both reiralta by 
a single process. 



{ 



2 


663072 


.12 


331530 


20 


27628 


12 


1381,8 



115,1 

Here in abstract numbers the remainder is 8 x 24 + 1 x 20 x 24, &.«. is 
672, so that the quotient is 115, with a remainder 672. 

But if the dividend be 663072 grs., the quotient 27628 is in the 
denomination dwts., the quotient 1381 is in the denomination os. with a 
remainder of 8 dwts., the quotient 115 is in the denominatioii lbs* Il4th 
a remainder 1 oz. ; so that 115 lbs. „ 1 oz. „ 8 dwts. is Ans, 

3. Add j, 1}, f ; and divide the sum ^ i + i (i - i). 

, 1 1 2 , 20 + 35 + 56 

l+;r+ T + T=l + -rjT^ 

7 4 5 140 

e 1111 



300 
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w 


14" 


2'*"42 




= 


13 
21 


251 
140^ 


21 
13° 


753 
260 



2IM. 



860< 



4. Wh(U/raetion<^2cwt.nUlb8.i8iqf2qr$.„Ulb8.f 
In other words, bring i of 2} qrs. to the fraction of 2} cwt. 

Ix2jv(2}x4) 

1 6 6 
"3^2^17x4 

5 

"51' 

Mnd the rent of 225 etc, „ 1 rd. ,, 19^?. at ISe. „ 2ld, per rood. 
Expressing 225 ac. „ Ird. „ 19p. as roods and a decimal of a rood, 

we have 901*475 roods; and the rent of these at Iff. per rood would be 

901*475 shillings; hence 



2d. 



id. 



1 

6 



J. 



901-475 
13 



11719-175 

150*24583 
37-66145, &c. 



whence 



11906-98229 shiUings 
£595 ,f 6«. „ lid. „ 8'15/ar. Am. 



6. Heduee £2 ,, 17«.. „ ^d. to the decimal of £7. Also add '275 of 
a huhel to *725 of a quarter^ and find the value at 68. „ Sd,per husheL 



12 
20 

7 



4*5 



17-375 



2-86875 



-40982142857 
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Also '725 of a quarter 

8 

6*800 bushels 
add -275 



6«. „Sd.\i 



6075 



2-025 
20 



•50 

* 

Therefore £2 „ Os. „ 6d. Ans. 

6. Extract the square root of 17424 and of 175-250564. 

V(17424) = 132, 
>/(l 75-250564) = 13-2382, &c. 

N.B. If the given number had been 175*350564 the exact root would 
have been 13*242. 

The length of a rectangle is three times its hreadth^ and its area is 
6808 yards. What is the length in feet f 

Length x breadth = area, 
3 breadth x breadth = 5808 square yards, 

fx^ ^♦uM 5808x9 . . 

(breadth)" « — square feet, 

breadth = ^{5808 x 3) square feet 
= V(n424) 
= 132, 
whence length a 396 feet 

7. If 12 Carlini he worth 4«. „ Id,, and a Napoleon he worth 16«., 
haw many Carlini ought to he received for 15 Napoleons f 

12 Carlini = 49 pence, 

49 
lCarlino = - pence. 

In 16 Napoleons there are 15 x 16 x 12 pence ; therefore 

49 
(16 X 16 X 12) 4- j^ 

12 

= 2880 X ^ 

49 

34560 



49 
= 705Jt Carlini. 
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S, If 6 men with 7 100mm earn £7 „ 13«. tit 6 daya, and 2 men with 
3 women earn 3 gumeae in the eame time : in what time will 6 men with 
12 women earn £60 f 

6 men + 7 women in 6 days earn 163, 
6 men + 7 women m 1 day earn -^ , 

1 i>^ 
(a) 10 men + 14 women in 1 day earn --- • 

Again 2 men -f 3 women in 6 days earn 63, 

2 men + 3 women in 1 day earn --., 

' 6 ' 

(fi) 10 men + 16 women in 1 day earn — ^— . 

But from (a) 10 men + 14 women in 1 day earn 61 $ 

Therefore subtracting (a) from (fi) 

1 woman in 1 day earns 1 J. 

Also since ^s,, or 10^8. is earned by 2 men and 3 women daily, and tbe 

3 women earn 4Js. of this, the 2 men earn 6^., or 1 man in 1 day earns 

de. Hence 6 men with 12 women earn 365. daily. Therefore they will 

«/> o/. 1.-1T . 60 X 20 .100 . «„, ^ 
earn 60 x 20 shiUmgs in ^ , or m — , or in 33^ days, 

9. What is meant by intereet and discount t 

Find the interest on £474 ,, 13f. ,, 4<f. o^ 4|wr cent, per annum for 
3i yearSf ein^ intereet. 

4.1 «. . 7 
i00"25'^-"2' 
_ 17 7 

474 „ 13 „ 4 

7 



60) 3322 „ 13 „ 4 



66 „ 9„0„3t 

10. A tradesman who is ready to allow 6 per cent, per annum, com- 
pound interest, for ready money, is asked to give credit for two years. 
Jf Tie charge £27 ,, 11«. „ 3d. in his bill, what ought the ready money 
price to Tuive beenf 
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In other words, find the present worth of £27 „ 11«. „ Sd, due 2 years 
hence, allowing compound interest at 6 per cent. 
dfilO^ is the compound interest of £100 in 2 years. 

110} : 27 x\ : : 100 : Ans., 

-7- X Am, o -rs- X 100, 
4 16 

^n*.-_xlOOx — 

t.25. 

11. A person invests £2000 „ I65. „ Id. in the Z per cents, at 90}. 
What is the income derived by his investmont f 

90} : £2000 „ 16ff. „ Id. : : 3 : Ans. 

181 

— X Ans. « (£2000 „ 16». „ Id.) 3, 

_ (£2000 „ 16g. „ Id,) 6 
181- 

a £66 „ 60. „ 6d. 

A person invests in the Sper cents, so as to obtain 3 per cent, clear on 
his investment when there is an income-tax of Id. in the pound. What 
per centage clear does he obtain if the tax be doubled t 

In £3 there are 720 pence, which by paying a tax of 21 pence (Id. 
in the pound) are reduced to 699 pence ; and which, when the tax is 14dL 
in the pound, are reduced to 678 pence. But when every 100 pound 
stock pays him 699 pence, he is making 3 per cent clear; what is he 
making dear when every 100 stock pays 678 pence P 

699:678::3:uiits. 



699 


xAns. 


= 678 X 3, 




Ans. 


678x3 
699 

678 
233 

= 2fJ} per cent 



S04 ABITHMETIC. 

12. If the price of barley he Gs. „ Id, per bushel, and the eoet of 
maUing a quarter of barley be 2«« „ 2d., how much malt is made from 621 
qttarters of barley, supposing the maltster to pay 24s, „2d, tax per quarter 
of malt and gain 6 per cent, ofi the whole of his outlay by selling malt at 
Tls, „ \\d, per quarter f 

Since by selling malt at 77s. „ l^d. per quarter, he gains 5 per cent, 
the cost price of the malt was f ^ of lis, „ l^d., or was 73«. „ 6id,. 

Of this outlay, 24«. „ 2d, was the tax ; hence outlay for buying and 
malting each quarter of malt is 49«. „ 3f J. 

But price of barley being 48«. „ Sd, per quarter, and the cost of 
malting 2s, „ 2d,, the outlay for buying and malting each quarter of 
barley is 60s. „ lOd, 

Let X quarters of maU = 621 quarters of barley. 

Then a; x 49f » 621 x 50|, 

^ 1281 
2 

B 640| quarters. 



JFirst Division B, 1861. 

1. From 1861 take 1423 and explain the process. 

2. Employ short division in dividing 195477 by 7920. Write down 
the remainder and compare the process by which 195477 inches may be 
reduced to furlongs, yards, feet, and inches. 

3. Add J, 2\, J and A, and divide the sum by J + J (i - \). 

4. What fraction of 2sq. yds. 7ft. is \ of 2sq. yds. 5ft. P 

Find the value of 72 cwt. „ 3 qrs. „ 17 lbs. at £l „ 4ff. „ Gd, per cwt ? 

5. Reduce £3 „ 15«. „ 9^ to the decimal of £9. 

Also add 1*275 of a yard to 3*75 of a foot, and find the value at 
3«. „ 4 J. per foot 

6. Extract the square root of 21025 and 210*358669. 

The length of a room is twice its breadth and the area is 1152 feet, 
what is its length ? 
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7. If 10 scudi be worth 52*5 francs, and 16 shillings are worth 20 
francs ; how much in English money will be equiyalent to 45 scudi P . 

8. If 3 men with 4 boys earn £5 „ 16«. in 8 days, and 2 men with 3 
boys earn £4 in the same time; in what time will 6 men and 7 boys 
earn 20 guineas P 

9. State the meaning of interest and discount. 

Find the sum which will produce £146 „ llff. „ 1^. interest in 4} 
years at 3 per cent, per annum, simple interest. 

10. A tradesman who is ready to allow 4 per cent, per annum, 
compound interest, for ready money, is asked to give credit for two 
years. If he charge £22 „ 10s. „ Sd. in his bill; what ought the ready 
money price to have been ? 

11. A person invests £1839 „ 18«. „ Zd. in the 3 per cents, at 91}. 
What is his income deriyed from the inyestment P 

A person invests in the 3 per cents, so as to receive 3 per cent, clear 
on his investment when there is an income-tax of 9d, in the pound. 
What per centage does he receive if the tax be increased to Is, in 
the pound P 

12. If the price of barley be 6«. per bushel and the cost of malting a 
quarter of barley be 2«. „ lOd.; how much malt is made from 621 
quarters of barley, provided the maltster pay 268. tax per quarter of 
malt and obtain 5 per cent, on the whole of his outlay by selling malt at 
78a. per quarter? 



Second JDwuion B, 1861. 

1. What number must be added to sixty-nine thousand, four hundred 
and twenty-seven, to produce three hundred and twenty-five millions, 
seven thousand and twenty-one P 

2. Define a vulgar fraction, and prove that a fraction is not altered 
in value if the numerator and denominator be multiplied by the same 
quantity. 

Arrange in order of magnitude the fractions /s, ^^ and i^, and ex- 
press the difierence of the first two as a fraction of the difierence of the 
last two. 

3. State and prove the rule for the multiplication of decimal fractions. 
Multiply '01385 by 61-37 and divide the result by 2-77. 

BR 
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4. Find the yalue of 

I of ij- of £l „ 18«. + I of -375 of Ids. + ? of -429 of Ss. „ Zd. 

and express the result as a decimal fraction of £5. 

5. The examination for mathematical honors commences each year at 
9 o'clock on the 1st Tuesday in January. 

In 1861| the examination commenced on January 1st. Find the 
number of seconds which will have elapsed from the commencement 
of the examination in 1861 till its commencement in 1862. 

6. A man purchases a bale of cloth containing 80 yards at £1 „ 12«. 
per yard. He sells half of it at an advance of 25 per cent. ; two-fifths 
of it at an advance of 4«. per yard, and the remainder which is injured 
at half the cost price ; find- his total gain, and his gain per cent. 

7. Explain the mode of stating a question in the " double rule of 
three." 

If the penny-loaf weigh 6 oz. when wheat is at da. per bushel, what 
should be the price of a loaf weighing 4^ lbs. when wheat is at 7s. „ 6d. 
per bushel ? 

8. A cubic foot of gold is extended by hammering, so as to coyer an 
area of 6 acres. Find the thickness of the gold in decimals of an inch, 
correct to the first two significant figures. 

9. Find the interest of £808 „ 6«. „ Sd. from the 1st of January, 
1861, to May 27th, 1861, at 4^ per cent, per annum. 

10. What is discount ? and what is the present worth of a bill ? 
Find the discount on a bill of £461 „ Ids. „ lO^d. due three months 

hence, and discounted at 7^ per cent, per annum. 

11. If 6 per cent, be gained by selling a horse for £79 „ 10«. ; how 
much is lost per cent by selling him for £69 P 

12. In the University boat-race of 1860, the Cambridge crew rowed 
39 strokes per minute, and the Oxford crew 41 ; but 19 strokes of the 
former were equal to 20 of the latter. The Cambridge crew rowed over 
the course in 25 minutes, and the length of the course was 4 miles. Find 
the number of feet and the number of seconds by which the race was won. 

13. A man invests £8063 in the 3 per cents, at 91^, the brokerage 
being | per cent ; what will be his clear income, after an income-tax of 
lOd. in the pound is deducted P 
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October, 1861, (A). 

1. From one thousand and eighty-nine millions seven hundred and 
four, subtract eighty thousand five hundred and forty-two ; and divide 
the remainder by one hundred and thirty-nine. 

2. An Englishman going abroad takes with him 50 guineas ,* during 
the 28 days he is abroad his average expenditure is 30 francs per day : 
his traveUing expences out and home amount to £5 extra. If 25 francs 
be equivalent to £1, how much money does he bring home with him? 

3. Express in their simplest form, 

(1) (a + 4 + 8 + le) ~ (a ~ 4 + • "" ie)» 



<^>0*(-.i)- 



4. Reduce to their equivalent vulgar fractions in their lowest terms 

the decimal fractions, 

•03125; -729, and -729, 
and find the value of 

•03125 of £20 + -729 of 6«. „ 2d. + -729 of £2 „ la. „ Sd. 

5. If 4 men working 12 hours a day can reap a field 400 yds. long by 
60 broad in 3 days; in how many days will 8 men working 10 hours a 
day reap a field 1000 yds. long by 200 broad ? 

6. A factory has 120 windows; 80 of which contain 16 panes, each 
15 inches by 12; the remainder contain 12 panes each 1 foot square; 
find the cost of glazing the whole at Is, „ 6d. per square foot. 

7. An excursion train a quarter of a mile long leaves a station at 
8 h. „ 22 m. ; and travels at the rate of 40 miles an hour ; the ordinary 
train which travels at the rate of 66 feet per second, leaves the station 
at 8 h. „ 26 m. and follows the other. What will be the distance be- 
tween the trains at 9 o'clock? 

How soon afterwards may a collision be expected ? 

8. £550 „ 10*. is borrowed on* the 1st January, 1861 at the rate of 
5 per cent, per annum. 

What sum will repay the debt on the 20th October, 1861 ? 

9. Distinguish between interest and discount. 
What is the present worth of a bill? 

Find the present worth of a bill for £804 „ 13«. „ 4d. discounted 
2 months before it is due, at 3^ per cent per annum ? 

10. Find the amount of £2600 at the end of 3 years, reckoning 
compound interest at 4 per cent, per annum. 
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11. A person inyests 1000 guineas in the 3 per cents, at* 92^ paying 
f th per cent, for brokerage ; what income does he derive from his in- 
yestment? If he sell out when the funds haye risen to 96 (brokerage 
as before), what does he gain by the transaction P 



JFirst Division A, 1862. 
1. Write injigures one million ten thousand and one, 

1010001. 

Suhtract SdTfrom 1862 and explain the process, 
Cf.§19. 

A number augmented by one^fourth of itself is multiplied 5y 219 and 
theprjoduet is 3417495. WTuU is the number f 

Since ^ of the number x 219 = 3417495, 

4 



•J of the number 
4 


3417495 
219 ' 


the number 


3417495 4 

as — ^— ^— V — 

219 5 




683499 X 4 




219 




« 12484. 



2. Divide 347923 by Z5by short divisions, and explain the rule far 
obtaining the remainder. 

Since 35 « 5 x 7, we haye 

6 I 347923 

7 _69584, 3 

9940, 4 

Therefore 4 x 5 + 3, or 23 is remainder. See this explained § 29, p. 28. 

3. The regulations respecting Exhibition tickets from the opening on 
Thursday, May 1, to Saturday, October 18, are as follows : three-guinea 
season-tickets alone admit to the opening, £\ will be charged on May 2 
and 3, and on three exceptional days {not in May, nor shilling days), 
JFVom May 6 toll the charge will be 6s., and for the rest of the month 
2s, „ 6d, except one day in each week when the charge is to be 5s, After 
May the charge for admission will be Is, on four days of the week, and 
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£. 


8. d. 


2„ 


o„o 


3„ 


o„o 


1„ 


15 „0 


»,. 


0„0 


2., 


12 „ 6 


18 „ 


7, .6 


3„ 


3„0 



probably 2«. „ 6(f. on the remaining days. On this supposition estimate 
the saving, by taking a season-ticket, of a person who proposes to be a 
daily visitor. 

To the daily visitor, if not a season-ticket holder, the charge would he 
as follows : 

For May 2 and 3 

May 5 to 17, 12 days, exclusiye of one Sunday, at 55. per day 
May 19 to 31, ten days at 2«. „ 6c?., and two days at 6s, 
From 1 June (first of June heing Sunday) to Saturday 

18 Octoher, there are 20 weeks at 95. each 
Add extra charge for 3 exceptional days on half-crown days ; 

i,e. add 3 x 175. „ ^d. 

Total 
Deduct price of a season-ticket 

16 „ 4„6 
4. How many grains are there %n a pound of gold f 

The gold procured from Attstralia in 6 months in 1851 amounted to 

209,096 ounces. In 1861 the New Zealand gold-fields yielded 228,292 

ounces in the same time. JVhat is the excess in weight and value {at 

£3 „ 175. „ 10|J. per ounce) of the average monthly return from New 

Zealand over that from Australia f 

Gold heing weighed by IVoy weight, 

24 X 20xl2grainssllb., 
or 5760 grains - 1 lb. of gold. 

Next, from New Zealand 228292 
from Australia 209096 

6) 19196 excess in 6 months 

3199^ excess in ounces in 1 month. 

To find the value of 3199J ounces at £3 „ 175. „ lOJrf. 

3199i 



105. 


1 

2 


5s. 

2s, „ 6d. 

3d. 

lid. 


1. 
8 

1 

S 

1 
10 

X 
3 



9598 

1599 „ 13 „ 4 

799,, 16 „ 8 

399 „ 18 „ 4 

39 „ 19 „ 10 

19 » 19 „ 11 

12467,, 8„ 1 
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6. State the rule for the muUiplieaUan of Vulgar Fractions, and 
deduce a meaning for the operation. 
Reduce to eimplest forms 

/8 3 15\ 9 
Here first ^^-_+_x-j-- 



/8 9\ 



11 
^-9 



16 4 153 11 
34 ^9 
1859 



306 
Also 1 + ^j— H 

9 '2 + 12 

27 6 . 101 
" 40 ■•■ 7 * 12 

27 ^ 

'^ 40 "^ 707 

^ 21489 
"^ 28280 • 
6. State and explain, from an example or otherwise, the rule for con- 
verting a Vulgar Fraction into a decimal, 
Cf. § 75. 
Find the value of 

(1) (3-71- 1-908) X 7-03. (2) 620-5 v -025. 

3-71 25) 620500 (24820 

1-908 50 

1-802 120 

703 100 



5406 205 

126140 200 



12-66806 50 

50 
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7. Mnd by Practice the value of 

(1) 1032 articks at £1 „ lU. „ d^d. each. 

(2) 6 tons „ 7 cwt. „ 2 qr8. „ 17 lbs. at £3 „ lOs. „ 7</. i?er cw^. 

1032 articles at £1 each would cost £1032. 



lOs. 
1 
4 
1 






JL 

2 

1 

10 

X. 

9 

1 



£. «. 

1032 „ 

616,, 

51 „ 12 

17 „ 4 

6 

3 



i> 



91 



again 
and 



1623,, 5 
£3 „ lOs. „ Id. = £3-52916, 
6 tons „ 7 cwt. = 127 cwt. 



2qrs. 



14 lbs. 
2 
1 



1 

s 



X 

I 

X 

s 



3-52916 
127 



2470416 

7058333 

35291666 



448-20415 

1-76458 

•44114 

•06302 

•03151 



450-50440 
20 

10-088 
12 



therefore 



1-056 
£450 „ 108. „ Id. is the cost. 



8. JVhat is the value of '3315 of an acre f 
Reduce £1 „ 155. „ 4 J. to the decimal of 2 guineas. 

•3375 
4 



1-3500 
40 



therefore 



140000 
1 rood „ 14 poles Ans, 
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, 12 I 4-0 

42) 35-3 (-841269 
336 

173 
168 



63 
42 

113 
84 

293 
252 



413 
378 

353 



9. Distinguish between interest and discount. 

Shew that there is Ids. difference between the interest and discount of 
£82 „ 10s, for two years at dj^er cent* 

20) 82-5 



4-125 
2 



8*2^0 
110:82*5:: 10 : ^9M., 
110 Ans. o 825, 

Ans, a 7*5, 

8*25 interest for 2 years 
7*5 discount for 2 years 

•75 
20 

16*00 
therefore 16«. is difference. 

10. Draw the shapes, and name, as descriptive of magnitude, the 
following products : 

(1) Ifoot X Ifoot, (2) 1 yard x Ifoot, (3) 1 inch x i\ inch* 
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(1) 



An area of 

1 square 

foot; 




(3) 



An area containing ^^ of a square inch. 

How many hriekSf of tohtch lengthy hreadthf and thickness are 12, 9, 
6 inches respectively, toiU be required to build a wall, whereof the length, 
height, and thickness are 64, 9, and \\feet f 

Each brick being 1 foot long, f of a foot wide and i of a foot thick, 

,81 ^. o 3 

Ixjx -x« = 64x9x-, 
4 2 ju 

^42 

a:=64x9x Jx ^x 2 

^ ^ I 

« 64x36 
» 2304 bricks. 

11. ^ person seUs ou^ofthe ^\per cents, at 92f and realises £18550 ; 
if he invest one-fifth of_the produce in the 4 per cents, at 96, and the 
remainder in the Sper cents, at 90, find the alteration in his income, 

92} : 18550 : : 3} : a;, 

371 

^ X « = 18550 X 3J, - 

7 4 
X = 18550 X - X --- 
2 371 

»50x7x2 

B 700, income originally obtained from 
3^ per cents. 

He invests 3710 in the 4 per cents, at 96, 

96:3710::4:^iM.« 
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96 X Ans. a 3710 x 4 

*4»«. - — 5--^ a £164 „ 11». „ Sd. 

24 

He next invests 14840 in the 3 per cents, at 90, 

90 : 14840 : : 3 : Ans., 

90 Ans. o 14840 x 3, 

1484 X )< 
Ans. 5_ 

3 

« £494 „ Ids. „ 4dL 

£. t. d. 
494„13„4 
154 „ 11 „ 8 

649 „ 6 „ entire income, 
deduct this from original income of 700, 

700,, 
649,, 6 

50 „ 16 loss in annual income. 

12. Find the squars root of 998001 and of 314169 to three places of 

decimals. 

mm (999 3-141690 (1-772, &o. 

81 1 



189) 1880 ' 27) 214 

1701 189 



1989)17901 347) 2616 

17901 2429 



3642) 8690 
7084 



13. J[f' 6pumpe, each having a length of stroke of Z feet, working 
16 hours a day for 6 days empty the water out of a mine, how many 
pumps, with a length of stroke 2| feet, working 10 hours a day for 
12 days, will he required to empty the same mine, the strokes of the 
former set <tf pumps being performed four times as fast as those ^ 
the latter? 

6x3x16x^x4: Ans. x ~ x 10 x 12 : : 1 : 1, 
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6 ^ 
Ana. x^xX)^x12b6x3x15x6x4, 

_£„j - ^x^xlfixl^xj^ 



^ X 1^ X !^5J 
15 pumps. 



I^9t Division B, 1862. 

1. Write in figures ten miUiona one thouMnd and one. 
Add 397 to 1862 and explain the process. 

A number diminished by one-fourth of itself is multiplied by 219 and 
the product is 2050497. What is the number? 

2. Divide 329744 by 55 by short diyisions, and explain the rule for 
obtaining the remainder. 

3. The regulations respecting exhibition tickets from the opening on 
Thursday, May 1, to Saturday, October 18, are as follows : 

Three guinea season tickets alone admit to the opening. £1 will be 
charged on May 2 and 3, and on three exceptional days (not in May, nor 
shilling days). From May 5 to 17 the charge will be 5s., and for 
the rest of the month 28, 6d,, except one day in each week when the 
charge is to be 5«. After May the charge for admission will be Is, on 
four days of the week. If of the remaining days 18 should be 5s. days 
and the rest half-crown days, estimate the saving, by taking a season 
ticket, of a person who proposes to be a daily visitor. 

4. How many lbs. are there in 97920 grains of gold P 

The gold procured from Australia in nine months in 1851 amounted 
to 313644 ounces. In 1861 the New Zealand gol^-fields yielded 
342,438 ounces in the same time. What is the excess in weight and 
value (at £3 „ 17s. „ lOid, per ounce) of thp average monthly return 
from New Zealand over that from Australia P 

5. State what is meant by multiplication of fractions, and hence 
deduce the rule for the operation. 

Heduce to simplest forms ' 

(fofn-x^)rlf5|-=r*:^. 

9 *a — la 

6. State and explain, from an example or otherwise, the rule for- 
converting a vulgar fraction into a decimal. 

Find the value of 

(1) (37-1 - 1908) X '703. (2) 6205 r -0125. 
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7. Find by practice the value of 

(1) 2157 articles at £2 „ Is. „ ^d. each. 

(2) 25 acres ,, 3 roods ,, 16 poles at £3 „ 12$. „ 6d, per acre. 

8. What is the value of '3375 of a ton P 
Beduce 145. ,, d^d, to the decimal of £2. 

9. Distinguish between interest and discount. 

Find the difference between the amount of £247 „ lOs. for 2 years and 
the present worth of the same sum due after 2 years, at 5 per cent. 

10. Draw the shapes and name (as descriptiye of magnitude) the 
following products : 

(1) 1 yard x 1 yard. (2) 1 foot x 1 inch. (3) 1 yard x J foot. 

How many bricks of which the length, breadth, and thickness are 
9, 6, 3 inches respectively, will be required to build a wall, whereof the 
length, height, and thickness are 72, 8, and 1 1 feet ? 

11. A person sells out of the 3| per cents, at 92| and realizes 
£18550: if he invest two-fifths of the produce in the 4 per cents, at 96 
and the remainder in the 3 per cents, at 90; find the alteration in his 
income. 

12. Find the square root of 603729, and of 12-56636 to three places 
of decimals. 

13. If 5 pumps, each having a length of stroke of 3 feet, working 15 
hours a day for 5 days, empty the water out of a mine ; what must be the 
length of stroke of each of 15 pumps which, working 10 hours a day for 
12 days, would empty the same mine, the strokes of the former set of 
pumps being performed four times as fast as those of the latter ? 



Second Division A, 1862. 

1. The product of two numbers is 1270374 and half of one of them is 
3129; what is the other number? 

What will remain after subtracting 213 as often as possible from 
83216? ' 

2. Distinguish between prime and composite numbers. Shew how to 
resolve a composite number into its prime factors, and by so doing for 
the numbers 1071, 1092, 2310, find their greatest common measure. 

3. The total stock of gold coin and bullion in the Bank of England 
on a certain day being of the value of £16,548,126, and the weight of it 
354160 lbs., determine the value of an ounce of gold. 
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4. From the rule for the multiplication of yulgar fractions deduce 
the rule for diyision. 

Multiply the sum of i, i and f by the difference between i and f . 

Reduce to its simplest form 2} t 




5. Express as the fraction of £10 the difference between £8f and 
£8 X f ; and find the yalue of f of a ton of sugar when ^^ of a ton is 
worth £6 ,) 58, 

6. Give rules for the diyision of decimals. 
Divide -01 by -01001 and -01001 by -01. 

Find the value of -3375 of a ton and express IBs, „ ll^d, as a decimal 
of a guinea. 

7. Define the terms interest, discount, present worth. 

Find the difference between the simple and compound interest of 
£649 „ Ids, for 2 years at 5 per cent. 

8. Find the present worth of £132 „ 3«. due 2J years hence at 4^ per 
cent, simple interest. 

9. Find the value of 14764 articles at £1 „ lis. „ S^d, each, and of 
191 acres „ 3 roods „ 37 poles at £42 „ Ss, „ id, per acre. 

10. An analysis of the Board of Trade returns for 1861, respecting 
shipwrecked lives, gives the following results : 

Saved by life-boats, 13^ per cent. ; by rocket and mortar apparatus, 
8 per cent. ; by ships' boats, &c. 62 per cent. ; by individual exertion, i 
per cent. ; lost, 16 per cent. Determine the number of lives saved by the 
several means enumerated corresponding to the loss of 864 lives. 

11. A monolith of red granite in the Isle of Mull is said to be about 
108 feet in length and to have an average transverse section of 113 
square feet. If shaped for an obelisk it would probably lose one-third 
of its bulk and then weigh about 600 tons. Determine the number of 
cubic yards in such an obelisk and the weight in pounds of a cubic foot 
of granite. 

12. A person invests £5187 „ 10«. in the 3 per cents, at 83, and 
when the funds have risen he transfers three-fifths of his capital to the 
4 per cents, at 96 : find the alteration in his income. . 

13. Find the square root of 767376, and the length of the side of a, 
square whose area is equal to that of a rectangle, the sides of which are 
47*14 yards and 210 yards. 
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OMber, 1862, {A). 

1. Subtract thirty millionB twenty-six thousand and three, firom 
forty-five millions seven thousand and twenty-one. 

2. Define a vulgar fraction, and shew that a fraction remains un- 
altered if the numerator and denominator be multiplied by the same 
number. 

Add together /^, /«» h ^^^ h ; A^d find what fraction their sum is 

of2f of IJof^. 

3 

3. Find the value of | of ^rr of 3 square yards 6 feet at f-^ of -7 of 

•a OJ- 

4«. „ 2d, per foot. 

4. Prove the rule for division of decimals. 

From a rod 2*078 inches long portions are cut off each equal to 
*0037 of an inch long, find how many such portions can be cut off and 
what will be the length of the remainder. 

5. The price of oats being 30^. per quarter it costs Via, 6d. per week 
to keep a horse ; if oats cost only 26s. per quarter the expense would be 
16$, „ 2id.t what quantity of oats does a horse eat per year? 

6. Extract the square root of 120409 and the cube root of 3| to two 
places of decimals. The breadth of a room is twice its height and 
half its length, the contents are 4096 cubic feet, find the dimensions of 
the room. 

7. If 10 scudi be worth 62*6 francs, 16 shillings worth 20 francs, and 
12 carlini worth 4s, „ 2d, ; how many carlini are equivalent to 500 scudi ? 

8. Point out the difference between interest and discount 

The interest on a sum at simple interest is £28, and the discount 
£21 „ lis, „ 6d, for the same time, what is the sum P 

9. A spirit merchant buys two sorts of spirits in equal quantities, one 
at 1 shilling per gallon more than the other, he mixes them and sells the 
mixture for 16«. „ 6d, per gallon, gaining 10 per cent, on his outlay. 
What was the price paid per gallon by the merchant P 

10. A person buys a farm of 150 acres for £4624, and after repairing 
the buildings, lets it at 30$, per acre, thereby getting a return of 4} per 
cent, for his money : how much did he expend on repairs ? 

11. A person having his property in the 3 per cents, which are at 
96 i, sells out and invests in the Great Eastern railway £100 stock which 
is at 65i and pays a dividend of 1} per cent : the brokerage for buying 
or selling is i per cent : will this increase or diminish his income ? 
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12. If 6 men and 2 boys can reap 13 acres in 2 days, and 7 men and 
5 boys can reap 33 acres in 4 days; how long will it take 2 men and 
2 boys to reap 10 acres? 



Fir9t Bwision Ay 1863. 

1. MtdHphf 30040769503 hy' 172814412 in three lines; and 
£671 „ 13«. ,, 4d. hy 147. 

Since 172800000 4 14400 + 12 » 172814412, 

if we multiply the given quantity by 12, then multiply that result by 
1200, and then that result by 12000, we shall obtain three lineSi which 
if added together will give the product required. Thus 

30040769503 
12 



Hence 



Again 
therefore 



360489234036 
1200 

432587080843200 
12000 

5191044970118400000 

360489234036 

432587080843200 

6191044970118400000 

6191477917688477236 
7x7x3 = 147; 

671 „ 13 „ 8 

7 



4001 „ 16 „ 8 

7 

28012,, 9„8 
3 



84037,, 9„0 
2. Divide £43009 „ 9$. „ 4d. hf 64, and £2726 „ 6«. „ 8idL hy 43. 



8 
8 



£. «. d, 
43009 „ 9 „ 4 



6376 „ 3 „ 8 



672 „ „ 6 J 
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43) 2726 „ 6 „ 8} (63 

268 

146 
129 



17 
20 

346(8 
344 



2 
12 

32 

4 



129(3 
129 

therefore £63 „ Ss. „ OfJ. Ans. 

3. 7031 ai lis. „ 6f d, and 6764^ at £2 „ Is. „ 5d. 



6 



1. 

8 



IS 



7031 
14 



98434 
3616 „ 6 
292 „ 111 



2 0) 102242 „ 6i 
6112 „ 2 „ 6J 

At £1 each the 6764f articleB cost £6764 „ 16«. 



Is. 


A 


6764 „ 16 
2 




13609 „ 10 


Zd. 


1} 


337 „ 14 „ 9 


2d. 


84„ 8„8i 






66 „ 6„9| 



13987 „ 19 „ 2J 

4. Interest on £8712 „ 10s. at iper cent, for 16 months. 
Discount on £13736 at Ziper cent, for 8 mordhs. 
To multiply by 4 and divide by 100, and then to take }f of that 
result is to multiply by too x if> or by a^. 

20 ) 8712 „ 10 „ 

435 „. 12 „ 6 Ans. 
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Also 8 months being f of a year, the interest on £100 for 8 months 

w f of V» or 2i. 

102} : 13736 : : 2} : ar, 

205 5 

=^x«=13736x-, 

13735x5 13735 ^^^ 

X = = = 335. 

205 41 

5. WTiat cost 1150 three per cents, at 92} f and what three per cents, 
at 93| toiU £6000 buy f 

St. St. 

92}: a::: 100: 1150, 





io«=^f xiie, 




185 X 23 

X =» 

2x 2 




4265 

4 




= £1063 „ 15«. 


93J 


: 6000:: 100 : Ans., 


Ans. 


. X -eOOOy 100. 



6000 X 100 X 4 
•^''*- = 375 

1200 X 100 X 4 



76 
^ 1200 X 4 X 4 

= 400 X 4 X 4 
= 6400 stock. 



6. Add iof^of 44 A, f of A of 9J, and A of 1863. Take A of 
£4 „ 0«. „ Id. from A o/£7 „ 14«. „ Id. 

2 5 441 63 „, 
3 3 88 , 

I 

TT 
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^xl863o8x81«648; 
23 

therefore 21 -f 1 -f 648 « 670. 

43 



Again :^of£7m 



6^ 1849 
"43^ 240 
5x43 
240 

e 215 pence, 

-— of 4-A- 
31 ^*« 

A 961 
" 31 ^ 240 

^ 2x31 
240 

s 62 pence ; 

therefore 215 - 62 » 153d. » Us. „ 9d. 

7. Express ^ as a decimal, and a day as a decimal of a leap year, 

64) 500 (-078125 . 366) 1-000000 (-002732, &c. 

448 732 

620 2680 

512 2562 



80 1180 

64 1098 



160 820 

128 732 

320 88 
320 



8. Value £-925, and •0833 of £41 „ IZs. „ 4d. Divide 999 by -37, 

and -1599 by 4100. 

•925 
20 



18-500 
therefore 18«. „ 6d. Ans. 
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41 „ 13 „ 4 

833 
12 



10000 



therefore -0833 x 10000 = 833 = 69«. „ 6d. 

B £3 ,» 9«. „ &d, Ans. 

•37) 999-00 (2700 Ans. 4100) -15990 (-000039 

74 12300 

259 36900 

259 36900 



9. Find the square root of 16777216, and of 44f , and of i to 4 places. 



• • • 



16777216 (4096 44-44444444 (6-6666, &c. 

16 36 



809) 7772 126) 844 

7281 766 



8186) 49116 1326) 8844 

49116 7956 



13326) 88844 
79956 



133326) 888844 
799956 

88888 
We might have said 44 J = ^^ . 

therefore the required square root is ^^f or 6|, or 6*6. 
Again f = "4. 



• • • • 



•40000000 (-6324, &c. 
36 



123) 400 
369 



1262) 3100 
2524 



12644) 57600 
50576 

7024 
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10. In which way had one better buy tugar, at 3 guineas per ewt^ 
or at £2 „ 16«. „ ^d, per quintal of 100 Ibe.f and how much is one 
buying when the gain by the more advantageous way is a guinea t 

112 lbs. for 63s. is at rate of iVs'* P^ 1^* 
The quintal for 66|«. is at rate of ii%s. per lb. 
Excess in price per lb. when bought by quintal is 

169 63 ^ 4732 - 4725 
300 " 112 " 8400 

7 



8400 

1 
1200 

1 



of a shilling 



IQ^ofapenny. 

For this excess to amount to a guinea the quantity bought must be 

12 X 21 X 100» or 25200 lbs., or 225 cwt 

11. Three trees have their distances a« 3 : 4 : 5, and a rope of 492 feet 
long Just goes round them. Find their respective distances. 

The perimeter of the triangle being 492 feet, and the sides in the 
ratio of 3 : 4 : 5| the respective distances are 

~of492« 3x41 = 123, 

^of492 = 4x4l = 164, 

i-of492 = 5x41 = 205. 
12 

12. On what sum is the daily interest at 4 per cent one penny t 

100 X 365 : Ans. x 1 : : 4 x 2i0d. : Id., 
Ans. X 4 X 240 = 100 x 365, 

100 X 365 



Ans, = 



4 X 240 

25x73 

48 

j£38 ,1 Qs. }, 5(/. 
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13. If a grain of gold is worth 2id.f what should a sovereign weigh f 
Supposing the alloy in a sovereign to be ^^ of the whole, what would it 
le worth if it were all gold? 

240 f 2} = 240 X I 

D 

B 96 grains 

B 4 dwts. 

Also, the alloy having no value, if ^ of a sovereign be worth 20s., 
1^ must be worth 2s, 

Therefore a sovereign all gold would be worth 22s. 

14. i)f 16 daries make 17 guineas, 19 guineas make 24 pistoles, 31 
pistoles make 38 sequins, then haw many sequins are there in 1581 
daries f 

daries. g^neas. 
1581 X 17 



1581 



16 

pistoles. 
1581 X 17 X 24 

16x19 

sequins. 
1581 X 17 X 24 X 38 

16 X 19 X 31 
51 X 17 X 3 sequins 
2601 sequins. 



First Division ,B, 1863. 

1. Multiply 43002073252 by 133112191 in 3 lines and £607 „ IZs. „ Sd. 
by 135. 

2. Divide £3388 „ 7s. „ 6id. by 33 and 1^21919 „ ISs. „ IK by 13$. 

3. 6864 at 13«. „ 9^ and 8864f at £2 „ 6s. „ lOd. 

4. Interest on ^6787 „ lOs. at 3 per cent, for 16 months. 
Discount on j^237655 at 3^ per cent for f year. 

5. What cost 2250 three per cents, at 91} ? and what three per cents, 
at 87} wiU £3500 buy ? 

6. Addf off of 3} and f of i of 208^« and aVy of 1863. Take 
,^» of £3 „ 10a. „ Id. from /^ o( £4 „ Os. „ Id. 
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7. Express if as a decimal, and. a pound as decimal of a hundred 
weight. 

8. Value £-3025 and -1433 of £83 „6«.,,M. Divide 299 by -13 and 
•3621 by 7100. 

9. Find the square root of 930372004 and 60}} and f to 4 places. 

10. Which way had one better buy coffee, at 6 guineas a cwt. or at 
£5 „ 12<. „ 4d, per quintal of 100 lbs. P And how much is one buying 
when the loss on the less adyantageous way is £1 P 

11. A rope 495 feet long just goes round three trees whose distances 
from each other are as 4 : 6 : 6. Find the distances. 

12. On what sum is the daily interest at 5 per cent one groat P 

13. If six grains of silyer are worth five furthings, what should a 
crown weigh P 

If the alloy in silyer coin is /^ ^^ the mass, what would a crown be 
worth if it were all silver P 

14. If 2 guineas make 3 Napoleons, and 15 rix-doUars make 4 
Napoleons, and 6 ducats make 7 rix-doUars, how many ducats are there 
in £490 P 



Second Bivkion A^ 1863. 

1. Multiply 13 tons „ 5 cwt „ 3 qrs. „ 11 lbs. by 24. 

2. Divide £13043 „ 3«. „ Z\d. by 679 and £65931 „ 12«. „ 9J. by 6f. 

3. 17392 at 6fJ. ; 8044} at £2 „ 14«. „ U. 

4. If 19 men finish a work in 437' days, how long would it take 23 
menP 

5. If 45 cwt carried 65 miles cost 9«. „ 9i., what will 60 cwt carried 
90 miles cost ? 

6. Interest on £3712 „ 10«. at 4} per cent for 3} years. 
Discount on £55447 at 4} per cent due after 2| years. 

7. Find the greatest common measure of 68635 and 19721, and the 
least common multiple of 8, 9, 10, 12; 

8. Add f , i, A. Add |, f , ,^, \\. Take f of f of 84 from f of A 
of 504}. 

9. What decimal is a day of a year, and 3«. „ *l\<d, of 18«. „ 2{d!. P 
Divide 7821 by -079 and -10304 by 9200. 

10. Find the square root of 67108864 and of •! to two places of 
decimals. 
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11. A offers for an estate £83000, B offers £96000 after 3 years. 
Which is the better offer, and by how much, allowing five per cent, 
compound interest P 

12. If the three per cents, are at 92f and the four per cents, at 123J, 
in which should one invest, and how much is one investing when the 
difference in income is a shilling P 

13. What must be the gross produce of an estate that after paying a 
ten per cent, income-tax, and a rate of 2$, „ \\d. on £l on the residue, 
there may remain £2574 per annum ? 

14. If a population is now ten millions, and the births being 1 in 20 
the deaths are 1 in 30, what will the population become in 6 years ? 

15. Can V"^} V3, V^^ ^® %i^e% of a triangle ? 



October, 1863, {B). 

1. Multiply 40837 by 99989 and £10796 „ 8«. „ Z\d. by 96. 
Divide £3609 „ 6s. „ 6d. by 25 and £7817 „ \2s. „ lOJd by 127. 

2. How many ducats of 4«. „ \\\d. each are worth 55926 rix*dollars 
of 4«. „ lOJc^. each ? 

3. What is the dividend on a bankrupt's estate, when his debts are 
£4800 and his property £3680 ? 

4. If 36 men finish a work in 44 days, how long will it take 66 men P 

5. If 4| tons are carried 40 miles for 14«. „ 2d,, how far will 5^ tons 
be carried for £l „ 7«. „ 6J. P 

6. 30848 at 62^; 9836 at 7«. „ 2\d. ; 3044} at £2 „ I65. „ Ad. 

7. Find by practice the value of 37 lbs. „ 3 oz. „ 9 dwt. „ 15 gr. troy 
at £2 „ \Zs, „ Ad, per ounce. 

8. Find^the interest on £328500 at 5 per cent for 200 days, and the 
discount on £13051 due after 18 months at 3^ per cent 

9. What is the amount of £14025 at 4 per cent compound interest 
for 4 years P 

10. Find the greatest common measmre of 30012 and 13237, and the 
least common multiple of 16, 24, 30, 36. 

11. Add } of f of I5f, f of A of 12f, $ of A of 1863. Take Jf of 
£4 „ 10«. „ 9c;. from }f .of £6 „ 6«. „ 9d. 

o& 001. 

12. SimpUfy ^ and ^ , and divide the sum of 2J and 2\ by their 

5 2^ 

difference. 
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13. Express 6id. as decimal of a shilling and 8<. „ 4id. as decimal of 
£3 ,, Is. „ 2d. Value £-3125 and *613 of £12 ,, lOs. Diride -1089 by 
33 and 911*6 by -0086 and -005829 by -00067. 

14. Find the square root of 88804, of lOff , and of '0036. 

16. If tea is bought for £28 per cwt and sold at 5s. „ l^d, per lb., 
what is gained per cent. P 

16. If a national debt of £512000000 has an eighth part of its then 
existing amount paid off every year, how soon will it be reduced to less 
than half its original amount P 



( 329 ) 



APPENDIX, 
CONTAINING ANSWERS TO THE EXERCISES. 



EXESCISE I. 



1. (1) 19006. (2) 1600402. (3) 8308791. 

(4) 166402009. (5) 1000000000. (6) 2030000405607. 

2. (1) One hundred and twenty-three million, four hundred and 
fifty-six thousand, seven hundred and eighty-nine. 

(2) Nine thousand and nine million, nine thousand and nine. 

(3) Seven hundred and seyenty-seven million, seven hundred and 
seventy-seven, 

(4) Eight hundred and ninety-six thousand seven hundred and eighty- 
seven million, five hundred and forty-two thousand, one hundred and 
thirty-four. 

(5) Four hillion, five hundred and sixty-three thousand two hundred 
and eighteen million, seven hundred and sixty-four thousand five hun- 
dred and twenty-nine. 

(6) Three hundred and seventy-eight hillion, six hundred and fifty- 
eight thousand four hundred and fifty-nine million, three hundred and 
seventy-two thousand one hundred and fifty-six. 

3. Cf. §5, 6. 

4. Cf. § 10. In the quinary scale hy 11. In the septenary scale hy 15. 

5. Cf. § 11, 12. 6. Cf. § 13, 14, and note on p. 4. 

Exercise IL 

1. (1) 10964. (2) 766337. (3) 1727271. 
(4) 12659262. (5) 9999999. (6) 338901713. 

2. (1) 3175. (2) 4214 (reading "from 8996"). (3) 268586. 
(4) 2. (5) 88408512. (6) 370651673. 

3. First remainder 1767122. Second remainder 11000. 

4. First remainder 2715952. Second remainder 15052. 

UU 
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5. (1) 3634496. (2) 8390682.')4. (3) 14983242647. 
(4) 183478853167. (5) 6467176188. (6) 15160301184204. 

6. (1) 35. (2) 405. (3) 462 with remainder 2140103. 
(4) 20304 with remainder 10. (5) 9009. 

(6) 8888 with remainder 400000. 

Exercise III. 

1. 12511. 2. £6„6«. „7rf. 3. 339. 

4. £1008 „ 13«. „ Id. 5. 2008380. 6. £5007 „ 4«. 

7. 370 quotient, 1568 remainder. 8. 550974. 9. 7 times. 
10. 1. 11. 4305. 12. Cf.§23(3). 13. 176517. 

14. The general proposition is — " If to the sum of any two numbers 
there be added their difference, the result is equal to twice the greater 
of the numbers ; but if from the sum there be isubtracted the difference, 
the result is equal to twice the smaller number.'' 

Exercise IY. 

1. £149. 2. £536 „ 10«. „ 8<2. 3. 45678, remainder 102. 
4. £9410 „ Is. 5. £2650, and 1769 quarters. 6. Is. „ 4<i. 
7. £71 „ 10«., and 14«. „ Sid. 8. £23 „ 6s. „ %d. 

9. (1) 34, andremainder4199. (2) 1032. (3) 443, and remainder 57. 

Exercise V. 

1. 1. 13.. 2. 493. 3. 1235. 4. 4199. 5. 221. 
IL 1. 10296. 2. 28152. 3. 722484. 4, 1779050. 

III. 1. 37. 2. 40278. 3. 1912. 4. 571. 5. 47. 6. 53. 

IV. 1. 18522000. * 2. 30968. 3. 119025. 
4. 7847. 5. 17748. 6. 61688l«T^ 

V. 1. 2* X 3* X 5«. 2. 2» X 3* X T. 3. 3 x 5^x 7« x 11. 
4. 2 X 3 X 5 X 7 X 11 X 13 X 23. 

VI. 1. 2x3*x7»xllx29, 2"x3»x7*xl3x23, 2*x3*x7'xllx31. 
Hence the G.C.M. required is 2 x 3* x 7* x 11 x 13 x 23 x 29 x 31, which 
is 3268721102; and the L.C.M. is 2* x 3* x 7» x 11 x 13 x 23 x 29 x 31, 
which is 1647435435408. 

2. 2* X 3» X 7« X 11, 2^ X 3« X 7* X 11, and 2» x 3* x 7» x 11. Hence 
G.C.M. 2»x3»x7'xll, and L.C.M. 2'x3*x7'xll; i.e. G.C.M. is 
38808 and L.c.M. is 9929436. 

VII. 720, and 1680. 

VUI. 23. IX. 843. X. 362. XI. 57. XII. 4. 
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Exercise VI. 
9 49l3' liVo» also g of- 18 greater by — . 

7. Product f, quotient ifj^; of which the latter is the greater, and 
the difference in the lowest terms is s^. 

«-5- »-i- ^«-|- "-S- 12.^. 13. |. 14. 13H. 



„ 42 225 81 ^, , ,, ,„ ,,, ,-1 J 2 

*^- 315' STC sTs'^'^^'"' ^'^ ^"^- "• 2i'"^35' 

18. Sumg, diflerenceA. 19. ^. 20. ||. 21. 1. 
22. 1. 23. 5. 24. ^. 26. 2^, and 2^. 26. |^. 

27. Sum is 8, quotient 5f. 28. 4. 29. ^. 30. 1. 

oo 

62 468 27 1 

^^* oiQ ' oT^ » *°^ Q^ • ^2. Sum is 5, difference — : , quotient 226. 
aL\j £000 oo 4o 

n- ^^-266- ^^-61 



33. lOf^o- 34. — . 35. r^. 36. — . 



Exercise VII. 

6- 57^- 7. ;^. 8. £6.„11«. 9. |. 10. 1^. 
245 40 6 - 675 

1 6 

11. -. 12. -— : , and 3 hours „ 36min. 13. 10«. „ lid. „ ^i^far. 

t X aO 

1 21 

^*' 256 * ^^' 800 • ^^^ ^ ^"' *' ^^ ^^*' 

16. The relative values ar^ as 62, 61, 54, (the absolute values being 
159. „ %d,t 15«. „ 3c/., and 13«. „ 6<^.). 

17. yijjj , and ^ . 18. 4». „ 9Jrf. 19. £1 „ 7«. „ 3rf. 

20. £1 „ 8«. 21. 13«. „ 4(1. 

22. The relative values are as 45, 46, 47, (the absolute values being 
1«. „ lOld.y U, „ lid, and 1«. » ll^d.). 
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7 1 1 72 

23. ^. 24. lecwt 2a. -fflfle. 26. i.andj^. 

27. Tn o^A week, and 8min. „ 15 sec. 28. 31 square inches. 

1^ 

1 1 ^ 7 

29. — of a furlong. 30. -- of a quarter. 31. r^,. 

60 o2 lobU 

32. 199 qrs., and -r-- yds. 33. 5}f square inches. 34. 



Exercise Vin. 
1. Of. §64. 2. Cf. §68. 

3. Two hundred and eighty-three thousandths, five thousand three 
hundred and twenty-one ten thousandths ; seventy-four thousand eighty 
hundred and ninety-five hundred thousandths ; eight hundred and twenty- 
one thousand and fifty-six miUionths ; twenty-seven, together with eight 
thousand three hundred and fifty-four ten thousandths; thirty-four, 
together with nine ten thousandths; forty three, together with one 
hundred and one thousand and seven miUUmths, 

4. 53-9; 47-73; 6 0069; 1 -00000 1 ; 37; 36-721341; 9000400537. 
n_ 2_, _L.. 7 327 327 327 4 5697 
10' 100* 1000* 1000000* 1000' 100' 10' 100000 ' 

45697 893 893 



~ioo ' 1000' 10000000' 

6. -073; •0197; -000001; -00261; -0001001. 

1 13 1. J_. JL. 1. J_. 3 m^ 1001 5907 
2* 4' 4' 8' 20' 40' 5' 500' 8' 2000* 200000' 126* 
8. 3-79,37-9,379. 9. -00703, -0000703, -00000703. 10. Cf. §66. 
11 H 1 7 3 7 669 

200' 8' 2000' 250' 4' 80 * 
12. -7453, 7-453, 74-53; 48956-21, 489562-1, 4895621; 8764-30071, 
87643-0071, 876430071 ; also 000531674, -0000531674, -00000531674; 
•000000000317, -0000000000317, -00000000000317 ; 902-030401, 
90-2030401, 9 02030401. 

Exercise IX. 

1. (1) -59327. (2) 2-919563. (3) 554-40861. (4) 3-41203. 

2. (1) 3-431. (2) -0011. (3) 39-8489194. (4) -336606. 
8. (1) •0000378. (2) ^1487992. (3) 2-71984. 

(4) -0058028. (5) -00924397488. (6) -00003738028. 

(7) 9864-1698175. (8) 586-3672853. 



AFPENDDCy CONTAINING ANSWERS TO THE EXERCISES. 333 



4. (1) 711-858. 

(5) -0001. 

(9) -008. 

6. (1) -010271. 

6. (1) 3-77192. 



(2) 2280-28. 

(6) 15000. 

(10) -OoOOOo. 

(2) 12-60295. 

(2) 13-54909. 



(3) 234508. (4) 12500. 

(7) -013. (8) 4-57. 

(11) 3-424, &c. (12) -00879, &c. 

(3) 46-90415. (4) •100174. 

(3) 3-46410. (4) 319467.. 



Exercise X. 

1. (1) -177083. (2) -2375. (3) -88125. (4) -96875. 

2. (1) Is, „ 6d. (2) 3«. „ 4d. (3) 18«. „ Id. (4) 13». „ 7Jrf. 

3. -6. 4. -325. 5. -7. 6. 9s. „ 1016d. 

7. -2489583 ; and 2 „ 1-3744/ar. 8. 7Jrf. 9. -000372. 
10. -538461. 11. 3». „4Jrf. 12. 3 flor. „ 2 cent. „ 5-4 mils. 

Exercise XI. 

^75, -225, -208, -136, -848, 0176, 4-9. 2. 1-4390625. 

•0618, -0066, •23"45, 1-2931, 4^-312, -61726. 4. 1-920274'. 

^ JL^ JL 71 A JL ^ Jl. 2®^? 2863 
400' 40' 400' " 40* 250' 5' 1280' 4000' 400000 ' 
30208, 1-487992, -271984, -005334, -61915, -003738028. 
/. ouu, 1200, 150000, 234 508, 2280-28, 711858. 

8. 7-3, -105, 4-9, 301714285. 9. 2375, -1, -06, '1875. 
10. -2666204, 666551, -00021329632. 11. -3. 

12. £1 „ 13»., and 20625. 13. 16-2059163. 14. -190476. 

15. 13 hours „ 10 min. „ 5J see. 16. 32 yards „ 3 inches. 

17. 5Jf, and 5-2714285. 18. -514539682. 

19. '4375, and 1-0049715. 20. 7 miles „ 7 furlongs „ 152-004 yards. 

21. 2 acres „ 1 ro. „ 39 po. „ 20J square yards „ fi% square inch. 

22. 4921875. 23. 2». „ IJrf. 24. 36. 

25. 8flo. „ 7 cent. „ 60416mils, and 16». „ Sd. „ 3-52/ar. 

26. Sum is £1-865, product is £55-95, and this is £55 „ 19«. 

27. Each share is £7 „ 10«. „ 2d. „ 3-52/ar. 

28. Each is 19«. „ 6d. 



1. £17. 
6. £965. 



2. £378. 
6. £7282. 



Exercise XII. 

3. £1605. 
7. 98. „ lOld. 



4. £4628. 

8. £836 „ 16«. „ 4|rf. 
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9. £18 ., lis. „ 2ld. 10. dBll7 „ 0«. „ 3d. 

H. £1057 „ 5s. „ ed. ,,2} far. (about). 12. £4612 „ Us. „ 0|dL 

13. £21„18«,„4JJrf. 14. £49„5«.„9J{d. 16. £140„18#.„4,W. 

16. £»^9 „ 6«. „ I Jrf. 17. £86. 18. £19 „ 1«. „ 10^^. 

19. £096 „ es. „ 4A<^. 20. £187 „ 18«. „ lOA „ ^far. 

21. £30 „ lis. „ 11 Jc/. 22. £330 „ 11». „ ed. „ Oi far. (about). 

23. £1124 „ 98. „ 2id. (nearly). 24. £23 „ 18«. „ 4id. 

25. £4412 „ 12». „ 3Jrf. 26. £98„5«.„4Jrf. 27. £23 „ 14«. „ Of J. 

28. £225 „ 13«. „ 3rf. „ lifar. 29. £513 „ 6». „ 6J«?. 

30. (1) £2717 „2«. (2) £982 „6«. (3) £164 „8«. (4) £818 „8«. 



EXEBGISE XUI. 

I. 7697. 2. 16«. „6}rf. 3. £39 „ 6«. „ llrf. 4. £59 „ 14». „ 8rf. 

6. £499 ,, Os. „ 5^\\d. 6. £2756 „ 58., or 2625 guineas. 

7. 17». „4rf. 8. £179 „4«. 9. £840. 10. £1000. 

II. £n8„U.„ed. 12. 13 feet ,,2-382 inches. 

13. 420 revolutions. 14. £21 „ 15». „ 9{d. 15. £172. 

16. 8d: 17. £4 „ 15«. „ 10|rf. 18. £7 „ 19«. „ lO^^^^d. 

19. £49„9flo. „5cents„5mil8. 20. £16 „ 16«. „ 10}|f(2. 

21. £3 „ 13^ „ 2 A<^- 22. 21 lbs. „ 5 oz. „ 16 dwts. „ 6grs. 

23. £5 „ 16«. „ Offrf. 24. 45 feet 25. 79}f feet. 26. 14. 

27. 361. 28. 22-643, &c.. 29. f 30. ^^^Vod., or i^d. nearly. 

31. £2499. 32. 2 tons „ 9 cwt „ 1 qr. ,,11-2 lbs. 

33. Imin.„40f8ec. 34. £22. 36. £662 „ 19«. „ IJ^c^. 

36. Id. 37. 21 men. 38. 4 weeks „ 2 days. 39. 16 men. 

40. 14 men. 41. 84 hours. 42. £386. 43. 4400 men. 

44. 9 months. 46. 75lbs. 46. £114 ,, 6«. 47. 18 iff miles. 

48. 6| hours. 49. 9 days. 50. 6 days. 61. 7 months. 

62. 1968J lbs. 63. Breadth 4 yds., length 20 yds. 

54. 802-166 yds. 66. 5 days. 56. 3000. 67. 16 hours. 

68. 126 days. 69. 2531^ dinaras. 60. 123^^^^ dronas. 

61. 108 days. 62. IJ days. 63. 4 cwt. „ 2qrs. „ 17 ^^3 lbs. 

64. 4677| yds. 65. 6*3 days. 66. 2 months. 

67. £6 „ 13«. „ id. 68. 19-36 days. 69. 4-02 inches. 

70. 268800. 71. 105 days. 72. 32». 73. £7 „ 0«. „ 7H 
74. 75. 24. 76. £1468 „ 12«. 

77. 74A hours. 78. £11 and £70. 79. £132. 80. 2s.„4d. 
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EXEBCISE XIV. 

I. 40 and 60. 2. 21,15,9. 3. 1140,855,684. 

4. £8048 „ 15«. „ 6dL and £13414 „ 12^. „ ed. 

5. 1122, 1726. 6. 18 brandy, 45 wine, 60 water. 

7. 255,%, 223A^, 201«%, 150,%. 

8. £343 „ ds. „ 6Jf frf., £628 „ 9«: „ 9iiid., £760 „ Os. „ S^^^d. 

9. £23 „ 2«., £34 „ 13«., £69 „ 6«. 

10. The share of each man is I69. „ Sd,, of each woman 10«., of each 
child 6s, „ Sd, 

II. £1 „ Is., £1 „ 11«. „ 6d., £2 „ 12«. „ 6d. 

12. Reading in the question *' the third received 480" (instead of 380) 
the oanna of cloth was worth 3 florins, the lira of saflron 2 florins. 

13. First butt 12f^ gallons Malvasia, 

8ff Greek wine, 

14f Romania. 

Second butt 8|f Malvasia, 

5J^ Greek wine, 

9f Romania. 

Third butt 14f Malvasia, 

9f Greek wine, 

16 Romania. 

14. By friar 26ff soldi, by barber lllf } soldi, by artisan 350}f soldi, 
by gentleman 71 14^1 soldi. 

15. Reading in the question "the gain was £3537" (instead of 
£2537), A'b share was £1548, B'b share was £1989. 

16. Each man has £29^^,, each woman £l4^f, each child £4^. 

17. Each child £1 „ 16«., each woman £3, each man £4 „ 4«. 

18. 1 man. 19. 51 oz., and £14 „ O9. „ 6d., being 5«. „ 6d. per oz. 
20. 184 oz. silver, 32 oz. gold, and 5«. „ l^c?. 21. 188oz. 

22. 80 gallons brandy, 40 gallons water. 

23. 60 gallons wine, 20 gallons water. 24. 70 gallons. 25. ^\. 
26. A'a share 5^3, B*b share f^, C's share ^\. 27. f. 

Exercise XV. 

1. £2 „ 16«. „ llrf. „ 2t/ar. 2. £446 „ 8«. „ 9J}rf. 

3. £436 „ 7«. „ 6xf jJ. 4. £1 „ 13«. „ Id. „ OJ/«r. 

5. £8 „ Ss. „ 4Jd. 6. £20 „ 15«. „ Od. „ 2f /ar. 

7. £1213 „ 109. „ 9d. 8. £69 „ 10«., and £347 „ IO0. 
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9. £212„10«. 10. £1516 „ 108. „ 3ld. 

11. £367 „ 1«. „ 2}(/. nearly. 12. £10 ,, 1 9. „ 8^(7. nearly. 

13. £44„6«. „2Jrf. 14. £3„11«. „9|i^. 

15. £402 „ 10«. 16. £1 „ Os. „ Sid. 

17. ;flll8 „ 158. 18. £160. 

19. £3 „ 128. „ 2fH 20. £13692 „ 6«. „ l{id. 

21. £6 „ 10«. „ 10*368 pence. 

22. £7 „ 11«. „ Oid., and £18 ,, 8«. „ 9d. 23. 3|J per cent. 

24. £120,, 10«. 25. f of a year. 26. 3^ per cent. . 

27. 4i years. 28. £8500. 29. 3| per cent. 

30. 5} years. 31. £776. 32. 3| per cent. 

33. 3 years, 7 months. 34. £142 „ 10«. 35. £573„6«.„8J. 



36. 4 J per cent. 



EXEKCISE XVI. 



I. £267„16».„ljrf. 2. £787„8«. „Mli. 
3. £1215 „ 10». „ lid' 4. £441 „ 14». „ 8-741rf. 

5. £24 „ 14». „ 7-1 lod. 6. £2570 „ 3«. „ 6-288rf. 
7. £61„4«.,also£811„16«.„5*788<;. 8. £1389 „ 3«. 

9. £6 „ 3«. „ 4-13rf. 10. £607 „ 8«. „ 6-374rf. 

II. £150 „ 98. f, 9'9d. 12. £607 „ 8s. „ 6-374<f. 
13. £1 „ 28. „ 2-33rf. 14. £160. 

15. £6 „ 168. „ 4'3Sd. 16. £155 „ 7«. „ 5'59<f. 

17. £l „ U. „ ll-365rf. 18. £270. 

19. £458 „ 7«. „ 10-295(;. 20. £255 „ 11«. „ 2-208(;. 

21. £29 „ 4«. „ 3-321rf. 22. £1214 „ 17». „ 7-488rf. 

23. £276„2».„ 11-456 J. 24. £1200. 25. £725. 

Exercise XVII. 

I. £15 „ 3«. „ lild. 2. £3 „ 10». 

3. £70. 4. £1 „ 7«. „ lO^^^d. 

6. £16 „ l8. „ 2-iijd. 6. £4 „ 16«. „ 9^^d. 

7. 3JJ|rf. 8. £734 „ 3«. „ OJ^. 
9. £3 for both. 10. £11 „ 3». „ ^d. 

II. £1 „ 4». „ lOid. 12. £49 „ 10«. „ 4fffrf. 
13. £558 „ 0«. „ lljf</. 14. £116„2». „6|irf. 
15. £1 „ 18». „ 4^*3^. 16. £45 „ 2». 

17. Sd. nearly, for interest is £2 „ 0«. „ 9/^(/., discount £2 „ 08. „ 1 ^r\^., 
difference IfohV^o^. 
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18. £26 „ lis. „ 6d, and £125. 19. £1216 „ 13». „ 4d. 

20. £70 „ 19«. „ 6§f|rf. 21. £164 „ 10». „ 3fH 

22. £1 „ U. „ 3|f iJfrf. 23. £676 „ 19«. „ 7iffrf. 

24. 3f. 25. £239 „ 19«. „ 6f?. 26. £82 „ 5«. „ 1§H 

27. £85000. 28. £117 „ 12«. „ 4TiJSI»rf. 

29. £750. 30. £43 „ 9s. „ 4||f (f. 

31. £500. 32. 3J per cent. 33. 3 J years. 34. 4 per cent. 
35. £676 „ 13«. „ 4J. 36. 15 months. 37. 4 per cent. 
38. £520, and 6 per cent. 39. Cf. §99 and 102. 

40. 16 months. 41. £9 „ 12». „ 3i^3(i., and £9 „ 16«. 

42. £l6Hf, and £16. 

Exercise XVIII. 

1. 1 year „ 4 months. 2. 11| months. 

3. 1 year „ 9 months. ' 4. £666 „ 6«. „ 8^^. 

Exercise XIX. 
I. 1700 stock. 2. £1410. 3. ;g32 „ 9». „ 6f f|(?. 

4. £25 „ 9«. „ 2H?<^. 5. £3000. 6. 3|f. 

7. 3750 stock, and the diminution of income £7 „ lOs. 8. £18. 

9. 12«. „ llff difference. 10. £4200. 11. £3025. 

12. 33^1. 13. 1200 stock. 14. £1658 „ 5». 

15. The latter. 16. 114fJ. 17. £33 „ 17».„ llrf.„2?f/ar. 

18. £116 „ 14«. In the latter the income would he £124 „ 3«. 

19. £34 „ 7«. „ 9fjrf. 20. £2 „ 10«. 21. 5^%. 
22. £818 „ 88. 23. An increase of £15 „ 3«. „ ^rf. 
24. 30000. 25. £58 „ 15». 26. £1 „ 18«. „ 6f J. nearly. 
27. 1333J. 28. £53 „ 13«. „ If^fc?. 

29. 81J. 30. £2612. 31. 4800, and £134 „ 8«. . 

32. Diminish it by 10.392rf. 

33. Income £46 „ Is. „ lO/yrf., loss £54 „ 2«. „ 5|frf. 

34. £1350 invested. Increase in income £9. 

35. 13». „2gV- 36. 3/3^3. 37. 96i. 
38. The rates are -| and ^g^yS which are as 18 : 25. 39. 1000 stock. 

40. The rates are 43^9- and 4 3^, and these are as 6800 : 7221. 

41, As 3495 : 2778, or as 39 : 31 nearly. 

Exercise XX. 

1. 19758 florins „ 3 stivers. 2. £734 „ is. 3. is. „ 2d. 

4. 6ifJ per cent. 5. 113^^ 6. 648. 7. £5 „ 13«. „ id. loss. 

XX 
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■i Exercise XXI. 

1. 24«. 2. lU. 3. 16f percent 

4. 60 per cent I gained, and he lost 25 per cent 

5. 18f. 6. 14^. 7. 4«. „7Jrf. 

8.' The former is better than the latter in the ratio' of 9 : 8. 

9. 12^. 10. 18«. „4<f. 11. 7f^. 12. 70 per cent 

13. 1 lb. of cheaper to 2 lbs. of dearer tea. 14. 6«. „ ^^^^d. 

15. 3 : 13. 16. 49^x«. 17. 15H per cent 

18. 33^ per cent 19. ^fih^^ 20. £1 ,, lU. „ \\\d. 

21. 3f per cent. loss. 22. 4«. 23. 50 per cent. 

24. 42f per cent 25. £11*423, &c. 26. 2*94 pence. 

27. 12} per cent 28. 15f per cent 29. £43. 

30. 14«. 31. 72«. „ 6^;. 32. 16 per cent 

33. 1«. „8dL 34. 25 per cent 35. 6 lbs. 36. £540. 



Exercise XXII. 

1. 311 square feet „ 66 sqoare inches. 

2. 235 square feet n 131 1 square inches. 

3. 4915 cubic feet „ 870 cubic inches. 

4. 128 square feet „ 31^ square inches. 

5. 8 square feet „ 115} square inches, and £6 ,» 12^. „ Ofef. 

6. £6 „ 3«. y, \\\d* 7. 49 square feet ,, 60 square inches. 
8. 25 yards „ 2 feet ,, 2f inches. 9. 329 cubic feet ,,918 cubic inches. 

10. 7 inches. 11. 14 feet „ 4 inches. 12. £4 „ 3«. „ 4</. 

13. £7 „ 70. „ 5{<^. 14. 76 square inches. 

15. 512 square feet £5 „ 13^. „ ^\d. 16. £12 „ 11«. „ OJcl. 

17. £51 „ 7». „ 61^36?. 18. 4 yds. „ 2 ft. „ 9 J in. 

19. 45} yards. 20. 120 yards. 21. £1 „ 0«. „ 2|e;. 

22. £23 „ 11«. „ 8ifJ. 23. 3429 i&e, and £1 „ 8«. „ 2i(;. 

24. 210 square yards. 25. 5 too many. 

26. 3 yds. „ 7f ft and £1 „ U. ,, Ad 27. }f Jffff of an inch. 

28. 785$ square feet 29. £9 „ 4«. „ Id, 

30. £7 „ 16«. „ lOJJfd 31. £1 „ 6«. „ 8|cf. 

32. 89 tons „ 6 cwt „ 1 qr. „ 2 lbs. „ 8 oz. 

83. 115 cubic feet „ 30 cubic inches. 34. £4 „ 6«. „ 4}i. 

35. £5 „ 10«. 36. 130 square yards. 

37. 10«. „ \\%d. 38. 15 feet 



\ 
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Exercise XXni. \ 

1. (1) 29. (2) 39. (3) 93. \ ^ 

(5) 246. (6) 378. (7) 736. , -^ 

2. (1) 5-7. (2) 1-19. (3) 3-58. 

(6) -0866. (6) -00987. 

3. (1) 1-414213 with remainder -000001590631. . 

(2) 2-6457513 with remainder -00000003834831.^ 

(3) 3-16227 with remainder -0000484471. 

(4) 8-774964 with remainder -000006798704. 

(5) 11-2249 with remainder -00161999. 

(6) 29-68164 with remainder -0002469104. 

4. (1) 3-21. (2) 5-432. (3) 4-16. (4) 17-036. (5) -02. (6) -0032. 

5. 2-23606, -70710, -22360, -07071. ' 6. iJf and -816. 
7. -4, -126, -666, &c. 8. ^, and 2-529. 

9. -000001, and -005329. 10. -9, -586, -360. 

11. (1) 28. (2) 67. (3) 99. (4) 111. (5) 234. (6) 307. 

12. (1) -47. (2) 9-6. (3) 6-26. (4) -404. (6) -287. (6) -0313. 

13. (1) 1-259. (2) 2-64. (3) 3-036. 
(4) -96. (6) -40207. (6) -368. 

14. (1) 31. (2) 28. (3) 36. 

15. 20*263, &c. feet 16. £418. 

17. 61023-377953, and 2006. 18. 64. 19. 3-3 feet 

20. 12|f minates. 21. 999. 22. 00010201, and -1008, &c. 

23. 48 feet 24. 66} inches. 26. 9-898979, &c. ; the latter. 

26. 3-33, &c. feet 27. 28*876 feet 

28. 2, 4, 8 feet 29. 11 feet 30. 20 yards long, 4 broad. 



EXAMINATION PAPERS. 

Oxford RespoMwnii MicKaelmaB 1862. 

1. 1. 2. ^fi, and 1008. 3. -4683, and A. 

4. -001221, 1-2, 12000, 11. 6. £1 „ 4«. „ ^\d. 

6. -02, 8-3, IJ, ^o^>* 7. 140 mine. 8. 166 yards. 9. 21 men. 
10. £88 „ 8<., and £30 „ 9«. 11. £37 „ 10«. 

12. £1010. 13. £60, £40, £30, £24. 
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Trinity Term, 1865. 

2571,-815. 2. ,^3, A^s. 3. iff, «6205, 

4. •02265625, and -003625, -00003625, -3625. 

5. tioi At rfo- 6- £3 „ 3». „ 1J</., •0312« cwt. 

7. 327, 203. 8. 1-0164, &c. 9. 15 days. 
10. £25 „ 10«., £16 „ 4». „ 9Je?. 11. 1600. 

Michaelmas Term, 1865. 
1. 1, and ii' 2. £450. 3. yJ?. 2^^' 

4. sihs b\, 7} JI, -7, -07, 70. 5. 9». „ 9rf., and -2. 

6. 13*25, 2020. 7. B wins by 7^ minutes. 

8. 75 per cent 9. £76,, 13«.,£12„ 10«.„9|i;. 
10. £1 „ 13«. „ id. 11. 46|^ sovereigns, and £4 „ 4#. „ ll^^d, 

A. Civil Service Commission. 

1. 19«. „ 2^^ 2. 512. 3. -100956. 4. 2 ft. „ 3 in. 

5. J hour. 6. 4 per cent. 

7. 38f hours. There is some mistake in the question. If instead 
of 90 we read ** 360 pioneers'* in the third line, the answer will then 

be 9| hours. 

B. Civil Service Commission, 

1. 8 : 15. 2. ^iV» or 50^^. 3. 1-794634, &c. 

4. 12„9'„0"„3'"„10"",, ir". 

5. 12 cubic feet „ 1298^$^ cubic inches. 

6. 28-65788, &c. 7. 26-5435416, &c. 

8. He gains £29 „ 16s. „ lAh^- ^- ^ V^^ cent 

10. £2„15«. „3^. 11. 66|men. 12. 17i days. 

13. 3*78 minutes. 14. 5 minutes before 11. 

15. One-sixth. See question 74, p. 143. 

C. Civil Service Commission, 

1. 26*1509125. 2. lSs.„9d. 3. 22^ years. 

4. Gains 9iff per cent 5. 18495000. 
. 6. He gains £52 „ 10». 7. 88^. 

8. Out of every 100 of the population 75 would be Roman Catholics, 
10 Dissenters ; or for every 100 Roman Catholics, 13^ Dissenters. 

D. Civil Service Commission. 

1. 128} J. 2. Reduced by laYo percent 

3. 7092 i^A stock, and 8Jt per cent 4. 82f . 

5. Cf. § 108, p. 197. 6. 10 gulden. 

7. £1 „ 19«. „ 4-4<f., &c. 8. He gains £2 „ Zs. „ 2id. 
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S. Direct Commisaions, 

L 104 times. 2. 14080 steps. 3. 20 

4. ? ton „ 4 cwt. 6. £1627 „ 3«. „ 9d. 6. 6|f|, and 8ff J. 

7. 4840, and A. 8. -07646, and -008. 

9. £11 „ 29., and 86 shillings. 10. 2*999824, and 8*426, &c. 

F, Direct Commissions. 

1. 37 times. 2. £22 „ 19«. „ Sd. 3. 88. 4. £13 „ 3«. „ eid. 

6. £2039 „ Is. „ Sd. 6. j^g, and f. 

7. 1*8019, and -0074. 8. A- 9. -000027, and 22*004. 

G. Direct Commissions. 

1. Seven million two hundred thousand inches. 2. Zs. „ llc^. 

3. £37 „ 2s. 4. 2 lbs. „ 11 oz. „ 18 grs. „ 6 dwt 

6. 24 cwt 6. '000999. 7. £1 „ 9». 

8. -002988, &c. 9. £33 „ 14». „ 4irf. 10. 3007. 

H. Staff College. 

1. £13810 „17«. 2. £127 „ 39. „ 9(;. 3. 62 feet „ 10 inches. 

4. 12 cwt. saltpetre, 1| cwt. sulphur, 2f cwt. charcoal. 

6. b\ per cent. 6. An increase of £142 „ \%s. 7. ^Vr* 

8. 1, and e\. 9. -9859375 ; Cf. § 76, p. 94, \ ; product -09. 
10. '05, 607001, 2*3452, and -00003696 remainder. 

J. Cambridge Local. 

• 1. The one is larger than the other by forty-nine thousand nine 
hundred and fifty, i.e. by 49950. 

2. 60768396; of 129847 and 40068. 3. 4763, 763, and 63. 
4. 22f. 6. As 2464, 2261, 2625, 2700. 6. f^. 

7. 74*9266, and •00749666. 8. -163 j quotient, divisor, dividend. 

9. -976, ,^0^0, Cf.§75. 10. -096. 11. -000535, ,VAVo- 
12. 908 yards. 13. 15». „ 8^^. 14. £4643 „ 16«. 



Cambridge Previous Examination. 
First Division B, 1866. 

1. Cf. § 11, 12. 694 with remainder 2, Cf. § 27. 

2. £16 „ 69. „ Sd., £33 „ %s. „ Q\d. ' 3. 1, and Is. „ M. 

4. 4VAofapenny. 6. £69218, and 17 cwt ,,3^ lbs.; Z^; Cf.§56. 
6. Cf. §88, p. 119. 7. -3, and -0003; 13«. „ 6{e?. 

8. 1260, 126, -00000126. The sum is 106-6655. || and f. 
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9. Cf. §48, and §66. 10. £1388 „ 17«. ,, 9}^. 

11. £3 „ 13«. „ 4d, 12. 4 years. 13. 4 per cent. 

14. 84 15. l8.SLnd68.„6d. 16. 3*162, &c. 

Second Division A, 1856. 

1. Cf. § 25, p. 21, and § 45, p. 52. 

2. £609 „ 9«. „ 5i%rf., £2 „ 15«. „ Hid. 3. April 16. 

4. 128 square feet „ 68 square inches. 

If room be not rectangular, the area would consist of 128 parallelo- 
{prams whose sides are feet, and 68 parallelograms whose sides are 
inches, but whose angles are not right angles, but are angles equal to 
those contained between the sides of the room. 

5. £2, and 5. 6. ^. 7. 1| hours. 

8. -002021, 20210, -1902, 1902000000, 1902000. 

9. 7«. „ lOJrf., and -23125 for both. 

10. Cf. §88 and § 5, p. 2. No, see § 26. 11. 64 : 63. 

12. 135 days. 13. £91f. 14. 750 stock. 

15. 23515302409; 10192; and -214. 

Second Division B, 1856. 

1. Cf. §25 and §45. 2. £1191 „ 10«. „ IJrf., £195 „ lis. „ 6}rf. 

3. April 8. 4. 101 square feet „ 56 square inches. 
fi £1 • A 6 ^-& and ^ • ^^ 

7. Rate of stream is 1^ miles ; against stream 1 hour. 

8. -00001, 10100, 11900000. Arithmetically impossible, since tbe 
subtrahend is the larger quantity. The result is - '1925. 

9. -91875, likewise -00091875. £7 „ 17». 

10. They cannot be arranged as a proportion. No, see § 26. 

11. 25:8. 12. 100 men. 13. £80. 14. 843f stock. 
15. (a) 10260271849. (fi) The number 10573009 is not a perfect 

sqi^are; if the figures be altered to 10582009, the root would be 3253. 
(7) -789. 

October, 1856. 

1. Cf. §44,45. 2. f, and 7: 13. 

3. (a) a,, a-,, ,ii , a^. (p) f §|f, and A. 

4. 2-1,210. 5. 432, -00857142. 

6. £104 „ Is. „ Od. „ If/flr., £9 „ 9«. „ Sd „ dfyfar. 

7. 3 days „ 10 hours „ 13 min. „ 57 sec. 8. £223 „ 15<. „ llfJ. 
9. £25 „ 5flo. „ Scents „ 1*25 mils, or 255*31225 florins. 
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10. £82970 „ 8flo. „ 9 cents. 1*242 times. 

11. £1002 „ 9flo. ,„ 6 cents „ 5*88 mils. 12. 14^ marks. 

13. 4». „ 2rf. „ 2 J/or. 14. 4J|fff. 15. £21„5». 16. 3ft percent* 

jFYr«^ Division B, 1857. 
1. £70 „ 17«. „ OJe?. 2. £17. 3. 4.1. 

5. 90 additional men. 6. 750, and 133333*3. 

7. -004, and -00375. 8. -025, and -0001. 

9. £146 „ 9flo. „ 6 cents „ 6 mils, or £\AQ „ 19». „ 3rf. „ 2}/ar. 
10. £94 „ 11». „ 6<?., and £600Q. 11. £420. 

12. £1320. 13. £316 „ 17s. „ 6rf. 14. £560. 

Second Division A, 1857. 

1. 60 lbs. 2. 10^ days. 3. i^, and g^o- 4. f. 5. £520. 

6. -0108575, and -02525. 7. -001385, &c 8. 3-8 feet. 
9. £5000. 10. £410, and 30 years. 11. Ss.,f4d. 

12. 25802 ounces, or 14cwt. „ 1 qr. „ 16 lbs. „ 10 oz. 13. £462. 

14. £960000 capital, and £95238 „ Is. „ lOf^. receipts. 

Second Division B, 1857. 
1. 180 lbs. 2. 16 days. 3. J|, and Iff. 4. ^^. 

5. £1040. 6. -0325725, and -1515. 7. -0083. 

8. 7-6 feet 9. £6666|. 10. £545, and 24 years. 11. £2„ls.„8rf. 

12. 116109 ounces, or 3 tons „ 4 cwt. „ 3 qrs. „ 4 lbs. „ 13 oz. 

13. £372. 14. £1500000 capital, and £15000 receipts. 

October, 1857, {A). 

1. The wheat 2. 4«. „ 2d. 3. f. 4. Jj,. 

5. 89 of the alloyed are equivalent to 87 of the standard gold. 

6. 12000 and -012. 7. 00994318. 8. 2667'76, &c. 

9. 4J per cent 10. £82; £1 „ 1«. „ 0'075£?. difference. 11. 250. 
12. 256-001, &c , and -809, &c. 13. 141f acres. 14. 14 payments. 

October, 1857, (JB). 

1. The wheat 2. 5. 3. f. 4. ^^d 

5. 14 of alloyed gold are equivalent to 13 of standard gold. 

6. 11000, and -Oil. 7. -6745. 8. 933-7, &c. 9. 4$. 
10. £41 ; and 10«. „ 6-0243d difference. 11. £250. 

12. 255-998, &c., and '809, &c. 13. 204 acres „ roods „ 30 poles. 

14. 14 payments. 
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First Division B, 1858. 

1. One hundred and twenty-seven million eight hundred thousand 
and twenty-one. 

2. ,^,, and \d. 3. £6 ,, 7 flo. „ 1 cent „ 0-416 mils. 
4. 1-236, and -04944. 5. J|i|. 6. 15 hours. 

7. 4100, and 6*3099. 8. He loses £446 ,, 3«. „ 0\%d. 9. £100. 

10. £3783. 11. £5 „ 17«. „ OJfrf. 12. 

Second Division A^ 1858. 
1. 232003014. 2. i^, BXi^ Is, „ ^. 3. 12-47, and 623-5. 

4. £18 „ 6 flo. „ 2 cents „ 7-083 mils. 5. fji and eVs* 

6. 35-0112, &c. ounces. 7. -25, and 59-52. 8. £3 „ 17« „ 9d. 

9. 20807-97, &c. 10. 13. 11. 19«. „ 8rf. 12. 

Second Division B, 1858. 
1. 372000401. 2. ,-oVot and £1 „ 1«. 3. 8-0001, and 26 667. 

4. £12 „ 3 flo. „ 6 cents „ 9*7916 mils. 5. A, and ^^. 

6. 23eVs ounces. 7. -2, and 64-836 rupees. 8. £27 „ Us. „ 9d. 
9. 12300. 10. -077, &c. 11. £32 „ 6«. „ 8cl. 12. 

October, 1858, (.4). 

1. 381274954. 2. 7970 mUes. 3. ^^a^,. and 1«. 4. ff , and J||f . 

5. 2-0535, and 102-675. 6. -875, and 4*5 dollars. 

7. '42804, and 369. 8. 1000 men. 

9. 8 feet „ 10| inches. 10. £1 „ I2s. „ 6^. 

11. A'b loss £20, B's loss £26 „ 13^. „ id., C*a loss £33 „ 6«. „ Sd. 

12. Iff miles. 

October, 1858, (B). 

1. 292183832. 2. 7850 miles. 3. H, and 2d. 

4. IJt, andli%a. 6. 1*4652, and 3663. 

6. -11*25, and 7-4 thalers. 7. -73956, and 837. 8. 500 men. 
9. lOffeet 10. £3. 

11. A*8 loss £26 „ 13«. „ 4d., B's loss £33 „ 6s. „ Sd., C'b loss £40. 

12. 2} miles per hour. 

First Division B, 1859. 

1. 847021 ; 36865365. 2. 6075. 3. £59 „ 14«. and £3 „ 149. 
4. 2s. „ 3rf. 5. 16 men. 6. 600; f ; 1. 
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7. 1082-69869, 74-84, 22600. 8. J§, -273. 9. 3163,49007. 

10. 1} hours. 11. Loses i per cent. 12. 30. 13. £382 „ 10«. 
14. 2} years. 15. £25 loss in cash, £81 gain in income. 

Second Division A, 1859. 

1. 41160090 sum, 16468734 dlfiference, 355733452311336 product. 

2. 75. 3. Cf. § 40, p. 45 ; f . 4. Cf. §31, (7), p. 35$ 213-4. 
6. 1, and 1. 6. 3cwt „ 1 qr. „ 6 lbs. 7. £16000. 

8. (1) £1153 „ 19«. (2) £444 „ 16«. „ Sd. (3) £719 „ 11«. „ Sd. 

9. 3005, -12, -3. 10. £50*,, 15«. „ IJrf. 

11. Thelatterb7 7-311rf.,&c. pence. 12. £1237 „ 5«. 
13. 5 per cent 14. 2; J. 15. £6000. 

Second Division B, 1859. 

1. 5555658 sum, 3086522 difference, 5334673883463 product. 

2. 50. 3. Cf. §40, p. 45; f 4. Cf. §31, (7), p. 35; 1017750. 
5. i, and 1. 6. £4 „ lis. „ lid. 7. £15000. 

8. (1) £1327 „ is. (2) £302 „ I6s. „ Sd. (3) £691 „ 5s. 

9. 2005, -003, -9. 10. The former, by 2 A rf. 11. £1661 „0».„ljrf. 
12. £625. 13. 4 per cent. 14. 2f^. 15. £2000. 

October, 1859, (A). 

1. 59691 sum, 8821 difiference, 871301360 product 

2. 7 and 3. 3. 28080000 lbs. 4. £711 „ I89. 

5. £79 „ 17«. „ 6d. 6. £4 „ 15». 7. -2. 8. |. 
9. 4«. „ lid. 10. £30. 11. 81 days. 12. £2940. 

13. -0000101. 14. £13, £25, £50, £100, £150. 15. 63 yards. 
16. 214, &c., 3-22, &«., 8-50, &c., 29-42, &c. 

October, 1859, {B). 

1. 58687 sum, 11097 difference, 830255140 product 

2. 4 and 4. 3. 34560000 lbs. 4. £708 „ 15«. 

6. £106„15«. 6. £3„5«. „1AV- ?• '05. 8. i. 

9. 103 lbs. 10. £35. 11. 64 days.. 12. £306. 

13. -OOOOIOL 14. £50, £150, £200, £250. 15. 26 J yards. 

16. £1 „ I6s. „ lid. „ 3H/ar., £2 „ Is. „ Id, „ Ififar., 

£2 „ 98. „ Od. „ 2 A/or., £6 „ 2s. „ 9firf., £9 „ Ss. „ IIH*'. 

First Division B, 1860. 
1. Cf. § 11, 12; 564, cf. § 19. 2. Cf. §44 and 48; A. 

3. Cf. § 64 and 65. -00000565 sum, -00000000000648 product 

4. £-0203125. 5. 2530-6. 6. 26«. „ 6rf. per acre. 
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7. £20 A*% share, £40 JS's share. 8. £1176. 9. VlZfi^ acres. 
10. 968 years, and 4 miles „ dOJf yards. 11. 150 per cent. 

12. He gained 106 cash, and increased his income by £118f f. 

Second Division A, 1860. 

1. 9843750 sum, 9687500 difference, 762939453125 product, 125 
quotient. 2. 486}}}. 

3. 10-0191 sum, 100009 difference, 'OOOlOOl product, 110 first 
qvotient, *000'96 second quotient 

4. (100s. T 8s.) X 75 gallons « 937^ gallons, 
(8s. V 100s.) X 75 gallons » 6 gallons. 

5. Cf. p. 121, £95 „ 17«. 6. £25 „ 6s.; £34 „ 10s« 

7. if 310 „ 14s.; £331 „ 17s. „ ed.; £500 „ 10s. 8. £3 „ 58. „ Id. 

9. Since 5 per cent is found by taking 2\)th part, see p. 156, and 

since pounds when considered as shillings have to be divided by 20, the 

proper interest would be thus obtained from th&m : while the shillings 

and fractional parts of a shilling, when brought to the fraction of a 

twelfth of a pound, are shillings divided by 20 (which is taking 5 per 

cent of them), and multiplied by 12, which brings them into pence. 

It is more simple to divide at once by 20, as suggested at p. 156. 

£31 „ Is. „ 8^^. is 5 per cent, and £29 „ 10s. „ 'J^^od. is 4f per cent 

10. Bank stock is best in ratio of 320 : 319. 

11. £134 „ 6s. „ 9^a^. 12. 352 persons. 13. 2*97 pence. 

October, 1860, {A). 
1. 1666350 sum, 1639900 difference, 21862578125 product, 125 
quotient 2. The square •000057289761, the square root -087. 

3. 32 furlongs t- 4 furlongs = 8, £2 x 8 == £16, 

4 furlongs -r 32 furlongs = J, £2 x i « 5s. 

4. 32399 i^o^, and 3 days „ 11 hours „ 13 min. 

5. 10s. „ 4\d,, and 1 2 lbs. 6. Cf. §40, p. 45. 

7. £26393,, 15s. 8. £24 „ 7s. „ 8i., and £23 „ 2s. 9. £4 „ 5s. 

10. £457 „ 8s. „9d, and £273,, 15s. 11. £392, £784, £1176, £1568. 

12. Loses 25 per eent. 13. 403 yards. 

Firit Dimnon B, 1861. 

1. 438,cf.$19. 

2. 24 with remainder 5397, and 24 furlongs „ 149 yds. „ 2 ft. „ 9 in. 

8. ma- 4. 1*0*0. and £89 ». 6«. ., Hd. 

5. -42106481, and £1 „ 5$. „ dd 6. 145, 14-503, and 48 feet 

7« £9„9s. 8. 15 days. 9. £1085„12s.„0^. 10. £22„2s.„2x^dL 

11. £60„6s.„6dL,and£2„19s.„2|^<f.percent 12. 640} quarters. 
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Second Division B, 1861. 

1. Three hundred and twenty-four millions, nine hundred and 
thirty-seven thousand, five hundred and ninety-four. 

2. Cf. §44, 48. Order of magnitude is (1), (3), (2); V^^. 

3. 8499745, and -30685. 4. 8«. „ 2d., and -0816. 

5. In a year and 6 days there are 32054400 seconds. 

6. Total gain £16, gain per cent 12^. 7. 1«. „ 6d. 

8. -000045, &c. 9. £17„11«. 10, £8„9«M»lli^. 11. 8 percent 
12. 27iS feet, and Iffi seconds. 13. £253 „ Os. „ dfUd. 

October, 1861, (A). 
1. 7833958 quotient 2. £13 „ 18<. 3. 3 and 4. 

4. 8^. ih ff J ; iB2 „ 7». „ Id. 6. 15 days. 6. £156. 

7. At 9 o'clock the collision was a thing of the past; as 5 minutes 
before nine, the engine of the second train would have run into the last 
carriage of the first 

8. £22„08.„^d. 9. £800. ' 10. £2812 „ Sa. „ 2^ 
11. £33 „ 15«. „ SfH income, £33 „ 2a. „ 2}iid. gain. 

First Division S, 1862. 

1. 10001001. Sum is 2259, cf. § 16*12484 required number. 

2. 5995, with remainder 19. 3. £17 » 9s. „ 6d. 

4. 17 lbs. Excess in weight is 266 lbs. „ 7 oz. „ 6 dwts. ; excess in 
value £12457 „ 8«. „ Id. 

5. Cf. §56. SlH'fHHh 6. Cf.§75. (1) 11-96506; (2) 4962. 

7. (1) £5109 „ Is. „ lOJrf.; £93 „ 14». „ lid. 

8. 6cwt „ 3 qrs., and £-3703125. 9. Cf. §99, 100. £47 „ 5a. 

10. Cf. question 10 in preceding paper. 9216. 

11. £19 „ 14a. „ 5<;. 12. 777, and 3-544, &c 13. 2ifeet 

Second Division A, 1862. 
1. 203; 146 remainder. 2. Cf. §32 and §41. O.CM. is2U 

3. £3 „ 17». „ md. 4. *A ; 2^. 5. JA. £22 „ 4». „ did. 

6. -999006 : 1-001 ; 6 cwt „ 3 qrs. and -9027. 

7. Cf. § 94 and § 99, £1 „ I2s. „ 5;85£;. 8. £120. 

9. £27820 „ 18a. „ 3d., £8095 „ 4a. „ 2{d. 

10. By lifeboats 729, rockets 432, ships' boats 3348, individuals 27. 

11. 301| cubic yards; 165,^,^ lbs. 

12. The question is defective, as it is not stated how much the firnds 
rose ; supposing however the transfer to have been at 83, the answer is 
£17 „ 3a. „ 9d. 13. 876 ; 99-49, &c. 
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Oetober, 1862, (A). 
1. 14981018. 2. Cf. §44 and 48; A and rf^. 3. IJrf. 

4. 534 portions, with a remainder *0022 of an inch long. 
<5. 17 qrs. „ 0} bushel. 

6. 347, and 1*49, &c. Breadth 18 feet, length 27, height 12. 

7. 3456carlini. 8. Cf. §99. £100. 9. 14«.„6</. and 15«.„6<;. 
10. £376. 11. Neither increase nor diminish. 12. 4 days. 

First Division B, 1863. 

1. 5724096747950354972, £88035 „ 5s. 

2. £12 „ 13«. „ 6id„ £1692 „ 3«. „ 6d. 

3. £4726 „ Ss., £20315 „ Is. „ Oid. 4. £271 „ 10«., £5655. 

5. £2053 „ 2s. „ ed.; £4000. 6. 161|J; 16«. „ lOd. 
7. -40625 ; -0089284. 8. 6». „01(?.; £11 „18».„9j£;.; 2300; -000051. 
9. 30502; 7-8128, &c.; -7745, &c. 

10. The gain is s\ of a penny by buying per quintal, also 12000 lbs. 

11. 132, 165, 198 feet. 12. £121 „ 13«. „ 4J. 

13. 48 grains; 6s.„3d. 14. 2250 ducats. 

Second Division A, 1863. 

1. 319 tons „ Ocwt. „ 1 qr. „ 12 lbs. 

2. £19 „ 4<. „ 2id., £9767 „ 13«. 3. £489 „ 3«., £21987 „ 12«. „ id. 

4. 361 days. 5. 18«. 6. £589 „ 14«. „ i^d., £5607. 
7. 37 and 360. 8. Iff and 28. 

9. -002739, &c.; -2; 99000; -0000112. 

10. 8192, and -31, &c. 11. A's offer, by £82 „ lis. „ 6d. 

•12. £-18 2908 ^ the gain by investing £1000 in the 4 per cents. 
Also £457 „ 5s. „ lid. 13. £3200. 14. 10791224. 

15. As any two of them are greater than the third, they can. 

October, 1863, (J?). 

1. 4083250793, £1036455 „ 16«. £144 „ Is. „ 5d., £61 „ Us. „ lid. 

2. 5479 s^L^. 3. 15«. „ 4J. 4. 24 days. 5. 60 miles. 

6. £867 „ 12*., £3545 „ 1«. „ 2d., £8585 „ Os. „ I0{id. 

7. £1193 „ 5s. „ Sd. 8. £9000, £651. 9. £16407 „ 5s. „ 3-912c?. 
10. 61, and 360. 11. 149, £1 „ Ids. „ 2d. 12. f, 10, 31. 
1^. -4375, -125, 68. „ 3rf. £7 „ 13». „ 3d. -0033, 106000, 8-7. 

14. 298» 3-244, &c., -06. 15. 12^ per cent. 16. In six years. 
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